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PLASMODIUM GALLINACEUM INFEC- 
TION OF THE CHICK EMBRYO 


attempts of Chorine (1938), Gavrilov (1938), 
wrilov, Bobkoff & Laurencin (1938) and Rita 
0) to infect chick embryos with Plasmodium 
Wlinacewm, using either a suspension of sporozoites 
infected blood, yielded negative results. They 
fed inoculation by deposition of the infecting 
terial on the chorion-allantois or by injection 
p a blood vessel of this membrane, and the 
gative results observed led Rita. to make various 
tions by comparing them with other infections 
h appear in the embryo and not in the adult 
imal. 
‘Our studies have been carried out using a race of 
, gallinaceum kindly given by Prof. Brumpt to 
b ‘Instituto de Malariologia’. The techniques of 
ection used were as follows: 
'(1) Deposition of sporozoites on the chorion- 
liantois. 
(2) Deposition of blood, rich in erythrocytic 
ms, on the chorion-allantois. 
) (8) Injection of blood, rich in erythrocytic forms, 
ito a blood vessel of the chorion-allantois. 
(4) Injection of blood, rich in erythrocytic forms, 
9 the yolk-sac. 
*{1) Deposition of sporozoites on the chorion allan- 
#. The infective material was a suspension in 
$9% saline of sporozoites from the salivary glands 
if Aédes caspius (Pallas), A. longitubus (Camb.) and 
detritus (Hall.), the richness of which in parasites 
confirmed by microscopical examination. 
/Eggs of White Leghorns incubated for 8-10 days 
® used. The exposure of the chorion-allantois 
§'made according to Goodpasture’s technique 
2), and the quadrangular opening was closed 
ith a coverslip and petrolatum, which allowed any 
troscopic alterations and the behaviour of the 
hbryo to be followed. The suspension of sporozoites 
deposited directly onto the chorion-allantois 
searification of the membrane. After the 
dculation, the eggs were incubated at 37°C. and 
ed daily by transillumination. 
| About 50% of the fifteen inoculated eggs under- 
ht a normal evolution, and the chicks hatched 
mally during the 21st and 22nd days of incuba- 
m. In all the cases under observation the death 
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of the chicks took place 24 hr. after hatching, and 
the microscopic examination of smears from brain, 
liver and bone-marrow showed exo-erythrocytic 
forms of Plasmodium gallinaceum, similar to those 
found in the adult bird after inoculation with sporo- 
zoites and before the erythrocytic phase develops. 
In several experiments we observed in the infec- 
tions of the embryo that the exo-erythrocytic forms 
in the liver were more numerous than in the brain, 
contrary to what happens when chicks are infected 
after hatching. We think that this fact is due to the 
special disposition of the blood vessels which pass 
through the liver from the chorion-allantois. With 
embryo emulsions of this organ, rich in erythrocytic 
forms, we produced an infection in chicks in which 
the reticulo-endothelial phase was followed by the 
erythrocytic one. 

(2) Deposition of blood, rich in erythrocytic forms, 
on the chorion-allantois. Following the above-men- 
tioned technique, we dropped 0-04 c.c. (more or less 
two drops) of citrated blood (50% of blood in 3-8% 
sodium citrate solution) into six eggs, two of 12, two 
of 14 and two of 15 days’ incubation; and in only 
one chick, hatched from one of the 15-day eggs, 
had we a positive result which was verified at 
autopsy 4 days after hatching. In the circulating 
blood we found abundant erythrocytic forms; but 
no erythrocytic forms were found in the smears of 
the brain, liver and bone-marrow. 

(3) Injection of blood, rich in erythrocytic forms, 
into a blood vessel of the chorion-allantois. To make 
the technique of inoculation easier we always used 
eggs incubated for 15 days. One of the largest blood 
vessels of the chorion-allantois was marked on the 
shell by transillumination and a quadrangular 
window was opened. Without reducing the natural 
air-chamber of the egg, we exposed the blood vessel 
by taking out the shell membrane. The intravenous 
injection was done with a capillary pipette and then 
the window was closed with a coverslip. All ex- 
periments gave positive results. The chicks hatched 
normally, but soon showed signs of disease and died 
3-4 days later. In those which died before hatching 
parasites were fewer than in those which hatched 
normally. 

(4) Injection of blood, rich in erythrocytic forms, 
into the yolk-sac. In all the attempts made (six eggs 
of 7 days’ incubation), following Cox’s technique 
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which we used in the culture of Rickettsia prowazeki 
(Fonseca & Pinto, 1942), results were negative and 
all the embryos died 24-48 hr. after inoculation. 

The experiments described above show that it is 
possible and easy to infect the embryo by deposition 
of sporozoites on the chorion-allantois or by the 
injection of infected blood into a blood vessel of this 
membrane. This last technique affords the possi- 
bility of infection with exo-erythrocytic parasites 
by the injection of emulsions of organs rich in 
reticulo-endothelial forms. 


II. DEVELOPMENT OF THE SPOROZOITE 
OF PLASMODIUM GALLINACEUM IN 
THE CHORION-ALLANTOIS 


There are two opposing theories concerning the 
development of sporozoites in the vertebrate host, 
one held by Raffaele (1943), Kikuth & Mudrow 
(1941), and Reichenow & Mudrow (1943), and the 
other by Missiroli (1941) and Corradetti (1942). 
Missiroli (1934) regards the division of the sporo- 
zoite, which he considers to be a sporocyst, to be 
the last act of the sporogonic cycle and believes that 
it takes place in the lymphatic spaces; on the other 
hand, Raffaele holds that it is the beginning of the 
primary monogonic phase of the schizogonic cycle, 
and that it is intracellular and nearly always found 
in the cells of the reticulo-endothelial system. 

In relation to P. gallinaceum there is a divergence 
between the findings of Kikuth & Mudrow (1942) 
and Missiroli (1938, 1943). The first two authors 
found several forms that support the view that the 
sporozoite develops as a trophozoite in the reticulo- 
endothelial cell, whilst the latter observed the extra- 
cellular transformation of the sporozoite and in a 
scheme for P. relictum represents it as far as the 
penetration into the red corpuscle. 

We thought that the embryo in the egg would be 
the best material for experiments on this problem, 
using the chorion-allantois as the tissue culture 
medium for which Schulemann & Knoche (1941) 
and others searched in vain. 

We used White Leghorn eggs of 10 days’ incuba- 
tion. The sporozoite suspension in 0-9 % saline was 
dropped onto the chorion-allantois after its exposure 
by the above-mentioned technique (Goodpasture, 
Woodruff & Budding, 1932). Small quantities of 
Indian ink were mixed with the suspension of 
sporozoites to aid in demarcating the zone of the 
chorion-allantois in which the developmental forms 
of the sporozoites should be sought. 

We made smears of the chorion-allantois, 8, 14, 
18 and 24 hr. after the deposition of sporozoites. 
Several forms were found, as shown in the plates 
(preparations were stained by Giemsa’s method). 
The cytoplasm was blue and the nucleus purple-red. 
The form corresponding to 8 hr. of development 
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(Fig. 1, Pl. III) was intracellular with the nucleys 
dividing. After 14 hr. two of the forms were intracel. 
lular (Figs. 2, 3), the first being lanceolate with the 
nucleus dividing, whilst the third (Fig. 4) was extra. 
cellular and binucleate. After 18 hr. we found a 
binucleate intracellular form (Fig. 5). 24 hr. later 
we saw an extracellular one with the nuclear chro. 
matin arranged in three blocks (Fig. 6); and, finally, 
we found aschizont, multinucleate and intracellular, 
in which we could distinguish eight granules of 
chromatin (Fig. 7). 

We may conclude, therefore, that the develop. 
ment of the sporozoite is intracellular. Bi- and 
multinucleate schizonts were seen. 


III. STUDIES ON THE EXO-ERYTHROCYTIC 
FORMS IN THE BONE-MARROW IN CASES 
OF HUMAN MALARIA 


The best explanation of the negative phase in the 
incubation period of human malaria is the existence 
of a primary monogonic cycle. Its demonstration 
consists in the finding of reticulo-endothelial forms 
of the parasite during the incubation period. 
Raffaele (1934, 1936 a, b, c, 1937 a, b, 1938 a, 1943) 
observed such reticulo-endothelial forms in smears 
of bone-marrow on the fifth day of the incubation 
period, both in infections of P. vivax and P. falci- 
parum. Similar forms were found by the same 
author in smears of bone-marrow from a 5-year-old 
child during a relapse of tertian malaria; and in 
another case suffering from untreated quartan 
malaria (P. malariae). 

Positive results are also referred to by Tarsitano 
& Lucrezi (1940), Brug (1940), Paraense & da Silva 
(1943), Casini (1939), ete. On the contrary, Quattrim 
(1941), Parise & Lucrezi (1941), Lioia (1942) and 
Nucciotti (1942), after careful examination of bone- 
marrow smears, failed to find exo-erythrocytic 
forms of the malaria parasite. 

In our studies we used general paralytics in whose 
anamnesis there was no malaria and who had never 
lived in malarial regions. The disease was induced 
by the bites of Portuguese Anopheles maculipennis 
var. atroparvus, infected with Plasmodium vivax or 
P. falciparum, in addition to the injection of an 
emulsion of salivary glands from heavily infected 
mosquitoes. The richness of the emulsions in sporo- 


.zoites was controlled by microscopic examination. 


Two series of two patients were infected with 
P. vivax and one series of three with P. falciparum. 
Bone-marrow films obtained by sternal puncture, 
and peripheral blood films stained by Giemsa’s 
method, were made every three days until the 
ninth day. All of them were negative. 

Three general paralytics were carefully infected 
with P. vivax. On both the 4th and 8th days of the 
incubation period we inoculated three other general 
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paralytics with material obtained from each of the 
three primary patients. Bone-marrow and peri- 
pheral blood films were made. These inoculations 
were carried out in the following manner: 

(a) Intrasternal injection into the bone-marrow 
of 5c.c. of blood and bone-marrow obtained by 
sternal puncture. 

(b) Intramuscular injection of 5 c.c. of blood and 
bone-marrow obtained by sternal puncture. 

(c) Intramuscular injection of 20 c.c. of blood 
obtained by venous puncture. 

Of the first three general paralytics inoculated 
with sporozoites, two developed malaria, but none 
of the six patients inoculated from them contracted 
the disease. If the negative results of our experi- 
ments do not remove completely the possibility of 
the existence of reticulo-endothelial stages in the 
bone-marrow, they at least prove its rarity. In the 
bone-marrow smears we found some forms belonging 
both to the red blood cell series and to the white 
cell series, as already observed by other authors, 
which look like exo-erythrocytic forms of plasmodia. 
Some red blood corpuscles without nuclei, with 
slightly basophilic cytoplasm and azurophilic gra- 
nules were found and also some cytoplasmic frag- 
ments from white blood cells containing large or 
small azurophilic granules, according to the type to 
which they belonged. 


IV. SEARCH FOR EXO-ERYTHROCYTIC 
PARASITES IN THE SPLEEN, LIVER, 
BONE-MARROW, LUNGS AND BRAIN OF 
CASES OF HUMAN MALARIA DURING 
THE INCUBATION PERIOD 


Our experience led us to conclude that the bone- 
marrow was not the principal site of development 
of the reticulo-endothelial cycle. In the serial 
examinations of blood films and marrow carried 
out during the incubation period we verified that, 
even in the case of the erythrocytic forms, their 
appearance is, as a rule, first in the peripheral blood ; 
and that, later, the asexual forms are more abundant 
in the blood than in the bone-marrow. 

In view of these results it seemed to us necessary 
to study films of the spleen, liver, brain, lung and 
bone-marrow, as in avian malaria. 

As in human malaria the spleen is the principal 
reacting organ, we decided to concentrate especially 
upon it. For this purpose we used patients with 
miliary tuberculosis sent to the ‘Hospital do Régo’ 
with a predominantly meningeal localization, and 
some others with diseases in which a fatal prognosis 
Was certain. We based our experiment on the fact 
that malaria-inoculation is sometimes advanta- 
ge0us, especially in diseases of the nervous system, 
and has been said to be beneficial in cases of typhoid 
fever, etc. Thus, as the malarial infection could be 
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eliminated early, the experimental infection not 
only did not injure the patient but even in some 
cases had a beneficial effect. 

The inoculations of sporozoites were carried out 
with P. vivax and P. falciparum in conditions 
similar to those described above. 

In two cases we made inoculations on successive 
days to ensure the infection of the patient and in 
the hope of finding different phases of development 
of the parasite arising from the sporozoite. 

The death of the patients experimentally infected 
with P. vivax took place 24 hr., 48 hr., 5 days and 
8 days after inoculation. The autopsy was performed 
as soon as possible, never before 6 hr., usually after 
12 hr., and in one case, 24 hr. after death. As arule, 
smears were made from the spleen, liver, brain, 
bone-marrow and lungs. Negative results were ob- 
tained from the cases in which death occurred 24 
and 48 hr. after inoculation. In the patients who 
died 24 hr. after inoculation, examination of the 
skin at the site of biting, both by smears and by 
histological sections stained by Giemsa’s method, 
failed to show parasites, but in the sections we 
observed microscopic haemorrhages due to the bite 
of the mosquito. 

In two cases, infected with P. vivax 5 and 8 days 
previously, intra- and extracellular elements were 
found in smears from the spleen in which the ap- 
pearance of the chromatin, cytoplasm and even the 
halo around the nucleus was similar to the exo- 
erythrocytic forms of avian plasmodia. Figs. 8 and 9 
show two intracellular forms; in the first there are 
two nuclei and in the second the chromatin is be- 
ginning to divide and the cytoplasm tending to 
become vacuolated. Figs. 10 and 11 show two 
extracellular forms with a well-marked halo around 
the chromatin similar in shape to the exo-erythro- 
cytic forms of avian plasmodia. Fig. 12, from a 
spleen smear 8 days after the inoculation, shows a 
similar form. Smears of lung, liver, brain and bone- 
marrow were negative. 

Experiments with P. falciparum, carried out in 
the same way, yielded similar positive results, as it 
is shown in Figs. 13 and 14, which depict forms 
found in a patient 8 days after inoculation. In one 
of the cases, studied 8 days after inoculation, a 
probable extracellular form was found in smears of 
the brain (Fig. 15). In a cell which probably be- 
longed to a capillary wall some protoplasmic 
(Fig. 16) inclusions were found which were similar 
to those observed by Casini (1939, see Fig. 17), in 
the endothelium of cerebral capillaries of a patient 
with chronic malaria who died with haemoglo- 
binuria. They appear as very small elements in 
which it is possible to distinguish, under high 
magnification, a small! granule of chromatin at the 
periphery of the cytoplasm. They are round and 
easily distinguishable in the host cell. 

8-2 
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Wenyon (1940) does not hide his doubt about the 
nature of these bodies. Reichenow & Mudrow 
(1943) saw identical formations and consider them 
to be the residues of phagocytized malaria parasites, 
but James (1941) agrees with their parasitical 
origin. With such diverse opinions, how can we 
interpret the forms we found on the 8th day of 
incubation, and can we exclude the hypothesis of 
their being phagocytized parasitical residues? 

To sum up our observations, using an experi- 
mental procedure different from that of other in- 
vestigators, we believe that we have thrown some 
new light on the negative phase of the incubation 
period of malaria. From our research we are con- 
vinced now that, as in avian malaria, there is a 
reticulo-endothelial cycle in the human malaria 
which precedes the erythrocytic phase. However, 
it is necessary to find elements resembling the 
macro- and microschizonts of avian malaria before 
proof is complete. 


V. SEARCH FOR EXO-ERYTHROCYTIC 
FORMS OF HUMAN MALARIA DURING 
THE PERIOD OF LATENCY WHICH PRE- 
CEDES RELAPSE 


The negative phase and the latent period which 
precede relapse are very similar in their lack of 
response to therapeutic agents, this being even 
more accentuated during the latent period than 
during the negative phase on account of the de- 
veloping premunition. As pointed out by various 
authors, if the failure of therapeutic agents during 
the incubation period may possibly be explained 
by the presence of exo-erythrocytic forms, a similar 
explanation of their failure during the latent period 
is also possible. In this aspect, human and avian 
malaria are not very different. 

With these considerations in mind and in accord 
with the opinions of Kikuth & Mudrow, we based 
our research on the hypothesis that the exo-erythro- 
cytic forms do not belong only to the primary 
monogonic cycle but are also resistant forms to 
which the parasites revert when conditions in the 
host are unfavourable to them, either as a result of 
drug treatment or because the defence mechanism 
of the host has begun to act. 

On the other hand, it is commonly said that 
relapses do not occur after inoculation with blood 
from tertian malaria cases. From our experience 
with malaria-infected patients we believe that re- 
lapses are not so rare as some authors think and 
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are dependent upon the duration of the first period 
of febrile paroxysms. Physicians who practise 
malariotherapy have told us that such relapses are 
not exceptional, and one of them (Prof. D. Furtado*) 
assesses the relapse rate as 14%. This being the 
case, there is an additional point of resemblance 
between human and avian malaria; and, if relapses 
in birds inoculated with blood are dependent upon 
the exo-erythrocytic forms, in human malaria these 
forms, too, may arise from the erythrocytic forms 
transmitted by inoculation with infected blood. 

Based upon the research done at the ‘Hospital 
do Régo’ (Pereira, Cunha & Franco, 1943), we came 
to the conclusion that some sulphanilamide com. 
pounds have a certain action on P. falciparum, 
leading to the disappearance of fever and schizonts 
with an increase in number of sexual forms. Smears 
of spleen, after puncture, were made during the 
apyretic periods from patients infected with malig- 
nant tertian malaria and treated with Cibazol. Two 
reasons led us to make this choice: first, because we 
knew that after treatment by Cibazol relapses 
nearly always occur, and secondly, because, since 
after this treatment the number of gametocytes 
increases, the number of the erythrocytic forms may 
increase as well. 

The disappearance of schizonts after treatment 
with Cibazol was verified by the examination of 
films stained by Giemsa’s method, as well as by the 
injection of 20c.c. of blood from a patient with 
malaria treated with Cibazol into two general para- 
lytics who did not show any sign of disease after- 
wards. 

In smears of spleen obtained by puncture from 
ten patients during the latent period of infection 
under the above-mentioned conditions, we found 
some intracellular forms (Figs. 18, 20 and 21) each 
with only a single granule of chromatin, and one 
form (Fig. 19) which was binucleate. 

In one case of benign malaria, treated with 
quinine, from which we made a spleen puncture 
8 days before a relapse, we found an intracellular 
form (Fig. 23) and another form (Fig. 22) which 
may or may not be a parasite deformed during the 
spreading of the smear. 

These observations led us to conclude that, in 
the latent period of infection which precedes re- 
lapses, it is possible to find in smears obtained by 
spleen puncture, some non-pigmented intracellular 
forms, similar to those which we found during the 
incubation period, and therefore exo-erythrocytic. 

* Personal communication. 








t, in 


3 re- 
d by 
lular 
y the 
tic. 











PARASITOLOGY, VOL. 87, NOS. 3, 4 


13 





se? 2 
oe 
5% 
%. 

wr 











PLATE III 














Brave, I. 
CaSINT, 
(HORINE 
(CORRADI 
Institu 
FONSECA 
60, 20 
GAVRILO 
GAVRILO 
Ann. : 
GoODPAS 

G. J. | 
JAMES, 

Ergebn 
KIKUTH, 

24, 1. 
KIKUTH, 

21, 38 
Liora, N 
MisstRO: 
MissrRo: 

27, 34 
MisstRo} 
MissrRo! 
Nuccio1 


Figs. 1—' 
embry 


Fig. 1. 
After 
Fig. 2. 
lancec 
Fig. 3. 
Fig. 4. 
nucles 
Fig. 5. 
cellule 
Fig. 6. 
range 
Fig. 7. 


Fig. 8. 
P, viv 

Fig. 9. 
P. vi 
chron 

















F. FoNSECA AND OTHERS 





117 


REFERENCES 


Braue, I. L. (1940). Riv. Malariol. 19, 226. 

Casini, G. (1939). Riv. Malariol. 18, 73. 

(HoRINE, V. (1938). Ann. Inst. Pasteur, 61, 829. 

CorRADETTI, A. (1942). Estratto dai rendiconti dell’ 
Instituto Superiore Sanita, 5. 

Fonseca, F. & Pinto, M. R. (1942). 
60, 201, 225. 

GavziLov, W. (1938). Ann. Inst. Pasteur, 61, 830. 

GavaiLov, W., Bospxorr, G. & Laurenctn, S. (1938). 
Ann. Soc. belge Méd. trop. 18, 429. 

GooDPASTURE, E. W., Wooprurr, A. M. & BuppInec, 
G. J. (1932). Amer. J. Path. 8, 271. 

James, S. P. (1941). Cited by Kixutn & Muprow in 
Ergebn. Hyg. Bakt. 24, 1. 

Kixutu, W. & Muprow, L. (1941). Hrgebn. Hyg. Bakt. 
24, 1. 

KiutH, W. & Muprow, L. (1942). 
21, 382. 

Liora, N. (1942). Riv. Parasit. 6, 173. 

Missrroxi, A. (1934). Riv. Malariol. 13, 539. 

Misstroui, A. (1938). Rend. c. Riv. Acad. Naz. Lincei, 
27, 34. 

Misstroui, A. (1941). Zbl. Bakt. 146, orig. 353. 

Misstroui, A. (1943). Riv. Parasit. 7, 37. 

Nuccrortt1, L. (1942). Riv. Parasit. 4, 229. 


Med. contemp. 


Riv. Malariol. 


EXPLANATION 


Figs. 1-7. Development of sporozoites in the chick 
embryo. 


Fig. 1. Intracellular parasite with dividing nucleus. 
After 8 hr. development. Smear of chorion-allantois. 

Fig. 2. After 14 hr. development. Intracellular form, 
lanceolate with dividing nucleus. 

Fig. 3. After 14 hr. development. Intracellular form. 

Fig. 4. After 14 hr. development. Extracellular bi- 
nucleate parasite. 

Fig. 5. After 18 hr. development. 
cellular form. 

Fig. 6. Extracellular parasite with the chromatin ar- 
ranged in three blocks. 

Fig. 7. Multinucleate schizont. 


Binucleate, intra- 


Fig. 8. Smear from spleen of patient infected with 
P. vivax. Intracellular parasite. Binucleate. 

Fig.9. Smear from spleen of patient infected with 
P. vivax. Intracellular parasite with the nuclear 
chromatin beginning to divide. 
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OF PLATE III 


Figs. 10, 11 and 12. Smear from spleen of patient in- 
fected with P. vivax. Extracellular forms. 

Figs. 13, 14. Smear from spleen of patient infected with 
P. falciparum. 

Fig. 15. Smear from brain of patient infected with 
P. faleiparum. Probable extracellular form. 

Fig. 16. Protoplasmic inclusions similar to those de- 
scribed by Casini in cell which probably belonged to 
the capillary wall. 

Fig. 17. Two forms described by Casini from the endo- 
thelium of cerebral capillaries of a patient with 
chronic malaria (after Casini). 

Figs. 18, 20 and 21. Spleen smear from patient with 
latent infection of P. falciparum and treated with 
Cibazol. Intracellular forms each having a single 
chromatin granule. 

Fig. 19. As Figs. 18-21, but parasite is binucleate. 

Fig. 22. Smear from spleen of patient infected with 
P. vivax and treated with quinine. Possible parasite 
distorted by smear. 

Fig. 23. As Fig. 22. Intracellular parasite. 
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SEASONAL OCCURRENCE OF IXODIDAE ON CATTLE IN 
NORTHERN PROVINCE, NYASALAND 


By 8S. G. WILSON, Veterinary Department, Nyasaland 


(With 2 Figures in the Text) 


INTRODUCTION 


For some years past in Northern Province, Nyasa- 
land, work has been in progress to determine the 
mortality amongst native cattle due to east coast 
fever (Wilson, 1944). As an integral part of such a 
survey, routine tick collections were made during 
cattle inspections. It was then intended to map the 
various species of tick concerned in the hope that 
their geographical distribution might offer a partial 
explanation for the prevalence or absence of east 
coast fever in certain areas. Such a map for the 
western portion of Kenya Colony has been provided 
by Lewis (1939), ‘according to the groups of 
dominant species of ticks’; but in Kenya, climate, 
soils and vegetation show wide contrasting varia- 
tions, and conditions are scarcely comparable to 
those existing in the smaller territory of Nyasaland. 

It is therefore not surprising that within the 
confines of Nyasaland no geographical limits can 
be defined for any of the commoner cattle ticks. 
All species, with the possible exceptions of the more 
rare Rhipicephalus neavei and R. neavei var. 
punctatus Warburton, 1912, are universally distri- 
buted throughout Northern Province. And as these 
two ticks are essentially game ticks their present 
distribution may be governed by the presence or 
absence of their most favoured host. 

Though all species are generally distributed over 
the country, some appear only at very definite 
seasons. In fact, the most striking feature of the 
survey was the seasonal periodicity found for most 
of the species of ticks concerned, some ticks being 
entirely absent for many months while others were 
present only as larvae, nymphs or adults. 

To appreciate this feature the physiography and 
climate of Northern Province must be described 
briefly. 

PHYSIOGRAPHY 


Lake Nyasa, which forms the greater portion of the 
eastern boundary of Nyasaland, is a deep rift-valley 
lake. While most of the eastern shores are preci- 
pitous and rocky the water on the western edge 
does not reach the escarpment, but is separated 
from it by an alluvial plain of varying width. The 
dominant features of the physiography of the 
country are therefore as follows: 


(a) Lake-shore plain varying from lake-level 
(1520 ft.) to 2000 ft. above sea-level. 

(6) The main plateau varying in height from 
3000 to 5000 ft. above sea-level and separated from 
the Lake plain by a narrow escarpment. 

(c) Mountainous areas above 5000 ft. such as the 
Angoni Highlands, the Vipya range in Mzimba and 
the Nyika and Misuku plateaux in Karonga district. 

Most of the cattle are found in region (bd), the 
main plateau area, as below 3000 ft. most of the 
country is infested with tsetse fly. Above 5000 ft. 
the country is too cold to attract natives and is 
largely uninhabited. 


CLIMATE 


Northern Province lies about 250 miles from the 
Indian Ocean and is.exposed to the east and south- 
east monsoon winds. It has therefore a tropical 
monsoon climate with a short wet season in summer 
and early autumn followed by a long dry period in 
late autumn, winter and early spring. 

The eastern trade winds blow strongly in August 
and September and eventually bring the first slight 
showers in late October. 

The early heavier rains of November and 
December are more in the nature of local thunder- 
storms of varying intensity. In January the steady 
rains become general and last well into March, after 
which they rapidly diminish and by mid-April the 
dry season has commenced. Table 1 shows the 
monthly rainfall over a period of 13 years for 
Lilongwe, the main recording centre in Northern 
Province, 3400 ft. above sea-level. 

Mere meteorological data as given in Table 2 may 
be misleading, as the variations in temperature are 
levelled by averaging, and these data are not typical 
of the specialized microclimates existing in season- 
ally saturated grass dambo lands or drier woodland 
areas which may form the tick breeding grounds. 

In fact, climate is a complex of so many factors 
that for a biological study Hornby & Hornby (1943) 
suggest that it may be best expressed in terms of 
vegetation rather than in terms of physics. For 
this reason a brief account of the vegetation of the 


area seems necessary. 
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VEGETATION 

No vegetation map of Nyasaland is available, and 
although the trees and shrubs have been ade- 
quately classified (Clements & Topham, 1936), 
studies on the grass species are still very incomplete. 
Nor can help be obtained from the geological and 
soil studies. Rocks on the plateau region are pre- 
dominantly crystalline with a basic complex of 
schists and gneisses through which large syenite 
masses protrude to form prominent hills and 
mountainous areas. With the intermixing of these 
rocks through land movements and the further 
intermixing of the resulting soils through weather- 
ing and subsequent erosion, soils show great varia- 
tions within small areas, and this is reflected in the 
medley of vegetation types. 

For our purpose, however, the dominant forma- 
tion type of the whole area may be described as 
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Dowa and Dedza districts where it occupies the 
more fertile red and black soil areas. Acacig 
campylacantha is the dominant acacia, a gregarious 
species of widespread distribution. Owing to 
persistent cultivation some of the land occupied 
by this association may be classified as cultivated 
steppe land with Ficus spp. and Erythrina tomentosa 
predominating. In other small areas Acacia 
campylacantha and Brachystegia thonningii may 
disappear and the association be Combretum spp.. 
Lonchocarpus capassa-Pavetta crassipes. Other 
species of frequent occurrence are Strychnos spinosa, 
Zizyphus jujuba, Albizzia spp., Vitex spp., Ptero- 
carpus angolensis and others. Afrormosia angolensis 
is dominant in some localities and is said to indicate 
a transition from Brachystegia to the Acacia. 
Combretum associations. 

Throughout this association tall grasses are 


Table 1. Mean monthly rainfall in inches, Lilongwe, 13-year period 


Nov. 


2-4 


Dec. 
8-2 


Feb. 
71 


Mar. 
4:9 


Jan. 
8-4 


Apr. 
1-6 


May 
0-2 


Oct. 
0-3 


June Total 


33:4 


July Aug. 


0-1 


Sept. 
0-2 


Table 2. Average temperatures and rainfall during the 18 months commencing January 1943 during 
which many of the tick collections were made ; 


Jan, Feb. Mar. Apr. May June July Aug. Sept. 
Temp. ° F.: Max. 78-8 79-6 79-7 81-4 79-0 75-2 75-4 79-0 81-7 
Min. 63-7 60-9 61-1 56-1 48:8 43-3 36-7 43-9 50-1 
Rainfall (in.) 10-9 7-7 3-3 0-7 0:8 0-08 — — — 
No. of days of rainfall 23 20 12 3 3 2 --- = _ 
Oct. Nov. Dec. Jan. Feb. Mar. Apr. May June 
Temp. ° F.: Max. 84:1 86-3 83-4 82-8 80-9 78-8 81-6 77-5 76-8 
Min. 52-8 61-4 63-6 62-4 63-2 61-3 54-2 49-8 44-7 
Rainfall (in.) — 2-1 4-3 5-1 9-3 7-0 0-5 0-3 0-03 
No. of days of rainfall _- 3 18 12 21 15 3 + 1 


grass woodland with deciduous grass woodland as 
the chief formation. 


Within this formation two associations! are of 


primary importance, i.e. Brachystegia spp.-Isober- 
linia globiflora association and Acacia spp.- 
Combretum spp.-Bauhinia thonningi association. 
Both associations cover wide areas in Tanganyika 
and the Rhodesias. 

The Brachystegia associations occupy the poor 
soil areas, and under protection, as in forest reserves 
in hilly areas, they may form deciduous forests. 
On most of the plateau region, however, their form 
is influenced by shifting cultivation, cuttings for 
firewood and poles, by grass fires and by animals. 


They support a good grass cover consisting of 


Hyparrhenia spp., Pogonarthria squarrosa, Setaria 
spp., Rhynchelytrum and Eragrostis spp. 

The Combretum-Acacia-Bauhinia thonningii as- 
sociation is of especial importance in the Lilongwe, 


always present and may be luxuriant, giving rise to 
intense grass fires in August and September. Some 
of the main species are Hyparrhenia rufa, H. 
jilipendula, Beckeropsis uniseta, Panicum maximum, 
Digitaria spp., Setaria spp. and Andropogon 
shirensis. Where close grazing occurs Sporobolus 
pyramidalis, Urochloa pullulans, Chloris spp. 
Cynodon plectostachyum and Digitaria sp. become 
dominant. Rhynchelytrum spp. occupy old garden 
sites for the first or second year before the land goes 
back to Hyparrhenia—bush cover. 

Throughout both these associations runs 4 
network of open grazing ‘dambos’ following the 
streams. Their formation does not depend on alti- 
tude, climate or surrounding vegetation but on the 
fact that the area is seasonally saturated or water- 
logged during several months of the year. The excess 
water is inimical to tree growth but favours many 
species of grasses. These dambos are best developed 
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where the water head is small, the stream slow- 
fowing and the valley bottom is broad and flat. 
Owing to the presence of surface water, grazing is 
restricted to the drier months of July to December. 
Hyparrhenia sp., Phragmites communis and Penni- 
slum purpureum constitute the major grass cover. 
In the Acacia-Combretum associations many of 
these dambos are fringed by Acacia campylacantha 
thickets. 

Where streams run through eroded channels and 
drainage is good, pure dambo land is restricted and 
may be grazed throughout the year. Here the taller 
grasses are lost and such recumbent grasses as 
Qynodon plectostachyum, Chloris sp., Digitaria sp. 
and Urochloa pullulans dominate. 

A much closer study of the grasses and sedges in 
these dambo areas is in progress, as they may form 
the main tick-breeding grounds during the dry 
season. 


ANIMAL POPULATION 


Cattle rearing in Northern Province would no doubt 
be general but for the presence of tsetse fly. The 
tsetse belts at the moment seem to have become 
stabilized and as can be seen from Fig. 1 they 
divide the Northern Province into three cattle areas, 
ie. North Nyasa district with a cattle population 
of 50,000, Mzimba district with 57,000 head, and 
the central districts of Ncheu, Dedza, Lilongwe and 
Dowa with a total of 122,000 head of cattle. 

Dipping is practised in the central districts and 
also in North Nyasa, but is not sufficiently intense 
to suppress entirely any species of tick or seriously 
to affect any aspect of the present study. At the 
most, dipping may have reduced the natural 
abundance of some species. 

Goats, and to a lesser extent sheep, are present 
all over these areas and can live much closer to 
‘fly’ than cattle, but no accurate population figures 
can be submitted at present. 

tt is from the cattle-dipping districts of Dowa, 
Lilongwe, Dedza and Neheu that the majority of 
tick observations were made. 


SPECIES OF TICKS CONCERNED 


The main species of ticks infesting cattle over the 
whole area are Rhipicephalus appendiculatus, 
Amblyomma variegatum and Boophilus spp. Rhipi- 
cephalus appendiculatus is predominantly a cattle 
tick in its nymphal and adult stages, but the larvae 
appear to have other hosts. Amblyomma variegatum 
has a wide variety of hosts in its larval and nymphal 
stages, but, contrary to the findings of Lewis (1932), 
both these stages feed well on cattle, sheep and 
goats. The adult is more restricted in its choice of 
host and occurs chiefly on domesticated animals, 
attaching itself to the udder and flanks. Boophilus 
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spp., being one-host ticks, are most affected by our 
dipping campaign, but sufficient undipped areas 
exist to render possible a study of their habits and 
prevalence. 

The other main species of tick are Rhipicephalus 
capensis, R. tricuspis, Hyalomma impressum transiens 
and Rhipicephalus simus, but only the adult stages 
of these species attack cattle. R. sanguineus is a 
common dog tick, and appears to feed on cattle 
only at the beginning of the dry season. Adults of 
Ixodes pilosus are found on cattle during the rains 
in small numbers only. 


SEASONAL PERIODICITY 


The seasonal periodicity of the above species of tick 
forms the main topic of this paper. The results are 
briefly summarized in Fig. 2. 


Amblyomma variegatum Fabricius, 1794 


Amblyomma variegatum is a tick of the hot wet 
season in its adult stages. Adult males do, however, 
attack earlier during the drier months of September 
and October, but engorging females are not found 
until the end of November when the relative 
humidity of the atmosphere has increased. Thus on 
20 October 1943, 29 33’s and one unengorged female 
were collected from one calf, while a few days later, 
on the 23rd, at Likuni Tank area, 19 33’s and no 
females were collected. At Maonde tank on 4 
November one calf carried 39 33’s and 2 29’s, while 
a second calf carried 45 33’s and 5 29’s, none of the 
females being engorged. 

Hatches in the laboratory show that females can 
emerge during these earlier months but display a 
negative response to sunlight. When moulting from 
the nymphal stage is complete males climb the sides 
of the test-tube to escape, but females, unless dis- 
turbed, remain hidden and immobile in the sawdust 
at the bottom of the tube. Also when released on 
pastures females do not attempt to climb upwards 
or to attack calves placed in close proximity. 

Towards the end of November this disproportion 
of sexes is lost. On 23 November, at Kachawa 
estate, 3 $3’s and 11 929’s were collected and next 
day, on the 24th, at Likuni tank, females were 
numerous and engorging. 

The main breeding season for this tick is there- 
fore from late November to March, and during this 
time engorged females are numerous and, in the 
laboratory, they lay enormous numbers of fertile 
eggs. 

Towards the end of March adults of both sexes 
become scarce, and by mid-April they have entirely 
disappeared. 

My first collection of larvae was from a sick calf 
at Lombadzi Farm on 19 April 1944. Nymphs 
moulted from this collection in 44 days. Thereafter, 
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throughout the cold dry season, occasional batches 
of larvae were collected from the ears and flanks of 
cattle and also on sheep and goats. They most 
certainly have other hosts, domesticated animals 
being a useful but not the most favoured host. My 
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but unlike larvae, they are also present in small 
numbers during the rainy months of December to 
March. On certain hosts, e.g. poultry, they show a 
much more distinct periodicity than on domesti- 
cated animals, feeding only during July and August, 
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richest collection was from two Cheetah shot at 
Lilongwe on 27 April 1944. No larvae have yet 
been collected from October to March, and this 
stage of the tick seems therefore to find its optimum 
during the cooler dry period of the year. 

Nymphs are found throughout the dry season, 
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Rhipicephalus appendiculatus Neumann, 1901 


Rhipicephalus appendiculatus is probably the most 
important cattle tick of East and South Africa, 
being the vector of the protozoan parasites 
Theileria parva, T. mutans and _ Piroplasma 
bigeminum. 
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In the Northern Province, female Rhipicephalus 

appendiculatus ticks seem able to engorge and 
qiposit only during the hot wet months of 
December to March. During these months adult 
males and females are abundant, feeding almost 
exclusively on the ears of domesticated animals. 
From late March and early April until December not 
mly do adults markedly decrease in numbers but 
a engorged female is a rarity. An occasional one 
may be found feeding deep inside the ear, e.g. one 
engorged female was collected from a calf at 
Jumpha tank area on 4 July 1944 and one from 
Mbabzi tank area on 13 June 1944. Both ticks 
failed to oviposit in the laboratory. I have also two 
records of engorged females collected in August— 
tubes 38 and 41—but oviposition was in both cases 
much below normal and no larvae hatched. Larvae 
and nymphs first appeared in collections in April. 
The larvae remained common in May, were fewer 
in June, and had disappeared entirely from collec- 
tions taken after July. Nymphs were common 
throughout the dry season from April to November 
but entirely disappeared during the wet months of 
December to March. At times ears are severely 
infested, and one record showed over 200 nymphs 
collected from the ears of a single calf in late July; 
but the ratio of engorged to unengorged nymphs at 
this season is extremely low. 
Larvae hatch in the laboratory after an incuba- 
tion period of 40-50 days but survive unfed only 
about a week. Findings therefore in other countries 
of larvae living unfed fer several months must be 
cautiously applied to this area. The seasonal 
periodicity seems to suggest a high mortality of 
unfed larvae in the field about July. 


Boophilus spp. 


According to the most recent classification of the 
genus Boophilus by Minning (1934), and adopted 
by Theiler (1943), two species occur in Nyasaland, 
ie. Palpoboophilus decoloratus Koch 1844 (Boophilus 
decoloratus Koch) and Uroboophilus fallax Minning, 
1934 (Boophilus microplus (Canestrini)). Both 
species are distributed throughout the Northern 
Province, Uroboophilus fallax predominating, and 
the adults show no seasonal periodicity. Engorged 
females are found during all months of the year. 
While adults and nymphs are commonly found 
together, it is rare to find larvae associated with 
them. In fact, out of hundreds of collections, only 
once have larvae been found in numbers on cattle 
together with nymphs and adults. This occurred in 
July at Kota-Kota on the lake shore, where a good 
collection of larvae of Uroboophilus fallax were 
taken from the ears of calves. Nymphs and adults 
are almost constantly found on the udder, flanks 
and belly regions. 
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Rhipicephalus capensis Koch, 1844 


Adults of Rhipicephalus capensis are absent 
during the greater part of the year on cattle but 
appear suddenly during the last week of August or 
early in September. They almost constantly feed on 
the udder and flank regions and are easily recog- 
nized, first because they are the only Rhipicephalus 
ticks that feed on this region, and secondly because 
of the black-pitted scutum and reddish legs. Also 
when detached they are most active in trying to 
escape capture. 

After being common in all collections during 
September and October they tend to disappear 
towards the end of November with the same 
suddenness as they appeared in August. 

This tick, therefore, appears as adults in the 
hottest and driest months of the year. The larval 
and nymphal stages do not occur on cattle, and 
have not yet been collected from any other host in 
Nyasaland. 


Rhipicephalus tricuspis Dénitz, 1906 


As Rhipicephalus capensis adults disappear, R. 
tricuspis adults appear, and are found in consider- 
able numbers in collections during late November, 
December, January and early February. It thus 
follows the pattern of Amblyomma variegatum and 
Rhipicephalus appendiculatus, thriving best in the 
hot wet season. On cattle it is entirely confined to 
the tail switch, but it has also a wide variety of 
other hosts. As with R. capensis the larval and 
nymphal stages have not yet been collected in the 
field. Under laboratory conditions, one female 
oviposited normally but only three larvae hatched 
after an incubation period of 56 days from the time 
laying commenced. 


Rhipicephalus simus Koch, 1844 


Rhipicephalus simus is not a common cattle tick, 
and it has been difficult to find sufficient material 
to form reliable conclusions on its seasonal occur- 
rence. At least two facts, however, may be men- 
tioned. First there is the absence of R. simus from 
all collections during the colder months of June to 
August. Secondly, it is doubtful if any females ever 
become fully engorged on cattle. On three occa- 
sions only was this tick found in any numbers—on 
a lion in January, on a cheetah and on an ant-bear 
in May. Females from the ant-bear were fully 
engorged and oviposited in the laboratory. The 
seasonal occurrence therefore differs from R. 
tricuspis, and this provides a further reason for 
regarding these two species as distinct from each 
other. 
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Hyalomma impressum transiens Schulze, 1927 


This is the only Hyalomma sp. found in the 
Northern Province of Nyasaland.* Adults only are 
found on cattle though seldom in appreciable 
numbers. They attach to the tail switch region, but 
when occurring in any numbers may extend to the 
perianal region and rarely on to the udder. 

Heaviest infections were found in March, April 
and May when females were engorging, but they 
do occur in small numbers or even singly throughout 
the remaining months of the dry season. None was 
found during December and January, when their 
attachment sites on the tail were occupied by 
Rhipicephalus tricuspis, and during February they 
were definitely rare. 

Nymphs were collected from the common hare 
(Lepus whytei), the best collections being taken in 
October, but a few were also seen on the same host 
in December. 

Larvae hatched in the laboratory 59 days after 
laying commenced engorged but feebly on a rabbit 
and the strain was lost. 


Ixodes pilosus 


Adult Ixodes pilosus are found in very small 
numbers on cattle and game during December to 
March. They disappear from all collections during 
the dry season. This is not, therefore, an important 
cattle tick. The incubation period was slightly less 
than 51 days, but the larvae died and the strain was 
lost. 


DISCUSSION AND SUMMARY 


As already stated, this survey of cattle ticks was 
undertaken in conjunction with an east coast fever 
survey. East coast fever still exists, and the tick 
vector, Rhipicephalus appendiculatus, remains com- 
mon in Northern Province after 14 years of dipping. 
The question is therefore raised as to how a more 
intimate knowledge of the climatic requirements of 
ticks might improve our dipping control measures. 
We have an example of this principle at work in the 
case of tsetse fly control. 

The most hopeful finding presented in this survey 
is that the majority of ticks under Nyasaland con- 
ditions have only one life cycle per annum. Boophilus 
species are the only important exceptions, and all 
stages of these ticks seem very resistant to climatic 
influences, but being one-host ticks are relatively 
easily controlled by dipping. 

In the case of the other species, the adult female 
ticks engorge and oviposit during a definite limited 
season. 


* Identification confirmed for me by Dr Theiler, 
Onderstepoort, one male only in the collection having a 
tendency to resemble H. planum. 


Rhipicephalus capensis males and females ¢ap 
only maintain themselves successfully during the 
hot dry months of September, October and 
November, when the average maximum tempera. 
tures exceed 80°F. and the average minimum 
ranges between 50 and 60° F. The optimum month 
is October, with an average maximum temperature 
of 84° F. and an average minimum of 52-8° F. and 
a relative humidity ranging from 35 to 50% for 
9 a.m. readings. 

The females of R. tricuspis, R. appendiculatus and 
Amblyomma variegatum favour the hot wet season 
of December to March, when the relative humidity 
is high and cold nights have disappeared. Rhipi- 
cephalus tricuspis adults disappear first, in 
February, and seem therefore to prefer an average 
maximum temperature above 80° F. and an average 
minimum temperature about 62°F. With R&. 
appendiculatus and Amblyomma variegatum the 
climatic factor limiting engorgement and _ ovi: 
position might be either the cold nights from April 
onwards with the monthly average minimum 
temperature below 60° F. or a low relative humidity 
or a combination of several factors. 

Analysing briefly the life cycle of Rhipicephalus 
appendiculatus it will be seen that it occupies a 
position somewhat intermediate between the 
seasonal ticks, R. capensis, R. tricuspis and 
Amblyomma variegatum and non-seasonal Boophilus 
species. Thus Rhipicephalus appendiculatus adults 
do occur all the year round but in reduced numbers 
from April to November, and the females seldom 
engorge during these months. Therefore, with 
slightly different climatic and vegetative conditions 
as might occur in some adjacent territories, or even 
on the lake-shore plain of Nyasaland, Rhipicephalus 
appendiculatus might be able to breed throughout 
the year. In such cases the climatic mortality 
which appears to occur in the plateau area amongst 
larvae after July, when the average monthly 
maximum temperature rises above 75° F., might 
also be excluded. 

In Nyasaland, in cattle areas of the plateau, under 
the conditions as outlined, the obvious supplements 
to the present dipping programme would be the 
energetic hand picking of engorged females during 
their brief season, together with monthly changes of 
grazing grounds during the rains so that larvae may 
be left behind to perish. The shortest incubation 
period in the laboratory was 37 days. The choice of 
grazing grounds might be important, as the drier 
Brachystegia association should be less favourable 
than the Acacia-Combretum association, and grass 
fires might be organized to help the larval de- 
struction. 

The relative importance as tick-breeding grounds 
of the three vegetation associations mentioned 
difficult to assess. Cattle grazing is unrestricted, 
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rithout fencing control, but the choice of grazing 
rounds varies with the season. Native crops. are 
sown by preference on ground occupied by the 
ieacia-Combretum association, so over wide areas 
this association is debarred to cattle from planting 
i) harvest time, say from December to July. 
During these months cattle graze chiefly in the 
Srachystegia woodlands, and it could be assumed 
hat females of Rhipicephalus appendiculatus, 
2. tricuspis and Amblyomma variegatum oviposit 
hiefly in the Brachystegia community. 

After July cattle are herded on cultivated land 
»eat up the dried maize stalks and other crop 
sidues, and they also spend more time on the 
ried up dambos. 

Rhipicephalus appendiculatus must therefore 
mplete its life cycle on these two land types, 
wither of which is subjected to heavy grass fires. 
it is during this time also that cattle become in- 
sted with Rhipicephalus capensis. 
Nymphs of Amblyomma variegatum reared in the 
aboratory in the dry season at ordinary room tem- 
eratures and relative humidity show a high 
mortality unless extra moisture is supplied. In 
ature this extra moisture would be found in the 
lambos. 
Finally, there is the question as to how widely in 
ast Africa this periodicity of ticks may be found. 
Results given above will obviously not apply to 
s with two rainfall seasons in the year nor to 
ea-coastal belts with high relative humidity 
hroughout the year. Nor will it apply to open 
assland areas without bush cover. 
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At Mpwapwa in Tanganyika where conditions 
are not very dissimilar to those at Lilongwe, Lewis 
(1939) found Amblyomma variegatum abundant 
from September to March which corresponds to the 
appearance of the adult male phase of the tick in 
Nyasaland. The same author also found Rhipi- 
cephalus appendiculatus occurring as heavy in- 
festations on stock farms in Kenya, where cultiva- 
tion predominates, but rare on grassy plains, high 
plateaux and in desert areas. Hornby (1935), in 
Tanganyika, describes Amblyomma sp. as hardier 
than Rhipicephalus spp., and found ‘almost every- 
where at all times, whereas Rhipicephalus appendi- 
culatus is found all the year round only in com- 
paratively moist cool areas’. He also describes dry 
open thorn thicket as unsuited to R. appendiculatus 
at almost any season. No seasonal periodicity of 
ticks has as yet been reported from the adjacent 
territories of Northern Rhodesia and Portuguese 
East Africa. 





My sincere thanks are due to Dr G. Theiler, of 
Onderstepoort, for her very great help in supplying 
me with literature and tick type species and for 
identifying batches of ticks sent to her at various 
times. But for her enthusiasm this work would 
never have been undertaken. Also from Dr Lewis, 
Kabete, I have obtained several identifications and 
much help. My thanks are also due to the Chief 
Veterinary Officer for permission to publish this 
article and to my colleague, Mr Leech, M.R.C.V.S., 
for much helpful criticism and advice. 
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TOMATO BLACK-RING: A NEW VIRUS DISEASE 


By KENNETH M. SMITH, Plant Virus Research Station, 
and Molteno Institute, Cambridge 


(With Plates IV and V) 


INTRODUCTION 


During the autumn of 1944, among some material 
received for examination was a ripe tomato fruit 
showing pits or lesions in the skin. Routine inocula- 
tions were made from the expressed juice of this 
fruit to a number of test plants: tobacco, var. 
White Burley and Nicotiana glutinosa. The ap- 
pearance of large numbers of necrotic local lesions 
on the inoculated leaves of N. glutinosa showed the 
presence of tobacco mosaic virus, but indication of 
a second virus was given by the development on the 
inoculated leaf of the tobacco plant of a large in- 
complete necrotic ring with a central spot. Although 
this ring was somewhat suggestive of tomato spotted 
wilt virus it was not quite typical, and this, together 
with the fact that the spotted wilt virus is usually 
inactivated in ripe tomato fruits, made further 
investigation advisable. The necrotic ring was there- 
fore cut out of the tobacco leaf and inoculations 
made from it to various test plants, the tobacco 
mosaic virus being eliminated by passage of N. 
glutinosa. The results of these and other experi- 
ments showed that an apparently undescribed 
tomato virus was concerned and a short pre- 
liminary account of it is given in the present paper. 

During the thermal inactivation and longevity 
tests of this new virus, however, it was noticed that 
samples of sap, subjected to treatments which 
eliminated this virus, continued to produce 
symptoms on tobacco and other solanaceous plants. 
These symptoms, which had previously been ob- 
secured by the severely necrotic rings due to the 
first virus, consisted of a very marked dark green 
vein-banding, suggestive of the symptoms produced 
on tobacco by certain non-necrotic strains of potato 
virus X. Investigation showed that the vein- 
banding virus was apparently one of the X-type, 
since symptoms and physical properties suggested 
this, and in addition it gave positive reactions with 
virus X antiserum. It is noteworthy, however, that 
there was no complete cross immunity between this 
apparent strain of the X-virus and a severely 
necrotic X-virus isolated from an Arran Peak 
potato plant. 

When a White Burley tobacco plant, systemically 
infected with the X-type virus from the tomato 


fruit, was inoculated with the necrotic X-virus, 
large numbers of concentric rings developed all over 
the inoculated leaves including the dark green vein. 
banding areas. Systemic infection with the necrotic 
X-virus followed normally, and there was no 
difference in response between these plants and the 
controls which received only the necrotic X-virus, 
On the other hand, Datura plants which wer 
systemically infected with the X-type virus were 
completely protected from infection by the necrotic 
X-virus. 

It is somewhat surprising that a single ripe 
tomato fruit should contain three distinct and 
entirely different viruses, none of which are 
apparently insect-borne, i.e. tobacco mosaic virus, 
potato virus X and the new virus which is the 
subject of this paper. As already mentioned the 
tobacco mosaic virus was eliminated from the 
complex by passage of N. glutinosa and the X-type 
virus by passage of French bean (Phaseolus 
vulgaris), of nasturtium (T'ropaeolum) and of ridge 
cucumber. 


DESCRIPTION OF THE VIRUS 


Transmission. The virus is easily sap-trans- 
missible and usually gives 100% infection with 
straight sap inoculation. The insect vectors, if any, 
are not known; transmission tests with the aphides 


Myzus persicae and M. convolvuli have proved 
negative. 
Thermal inactivation. The virus withstands 


10 min. exposure to 58° C. infecting 75% of the 
test plants, but failed to infect after exposure 
to 62° C. 

Resistance to ageing in expressed sap. The virus 
retains infectivity in extracted sap at room tem- 
peratures for 7 days and sometimes longer, but the 
longevity is very dependent on environmental 
conditions. 

Dilution end-point. Infections have been obtained 
at a dilution of 1: 100 but not at 1: 1000. 

Symptomatology and host range. So far as these 
preliminary investigations have gone they suggest 
that the host range of the virus is rather wide. 
Another feature of the behaviour of this virus is the 
number of plants which carry it without symptoms. 
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° Solanaceae 


Tomato. On young tomato plants the symptoms 
ye those of a severe streak disease. The first signs 
ifinfection on tomato develop about 7—12 days after 
noculation and take the form of numerous small 
black necrotic rings, both local and systemic, a 
characteristic symptom which suggests the name 
of tomato black-ring for the disease (PI. IV, fig. 1). 

Shortly after the appearance of the rings, dark 
streaks develop on the undersides of the petioles 
md sometimes up and down the stem; occasionally 
black rings may also develop on the stem. At the 
ame time the rings on the young leaves increase in 
gumber and coalesce, so that all the young leaves 
md eventually the growing point become black and 
dhrivelled. Young tomato plants are frequently 
killed, but if they survive the initial stages of the 
disease they rapidly outgrow the symptoms. Such 
infected tomato plants, however, do not always 
appear quite normal but show a slight dark green 
nottling together with some tendency to distortion 
of the leaves. As a rule, however, no further black 
tings develop once the severe initial stages of the 
disease have passed. 

So far no symptoms have been observed on the 
fruits of tomatoes which could be attributed to the 
black-ring virus alone. 

There does not seem to be much difference in 
susceptibility to the virus among different tomato 
varieties when mechanically infected. The following 
tomato varieties have been tested and have all 
proved susceptible: Ailsa Craig, Carter’s Sunrise, 
Histon Ideal, Kondine Red, Potentate, Stonor’s 
Exhibition, Sutton’s Earliest of All, Sutton’s 
Harbinger, Sutton’s Open Air, Vetomold. 

There is no doubt, however, that young tomato 
plants are more easily infected with the black-ring 
virus than older plants, and those which have 
already set one or more fruit trusses seem immune 
tomechanical infection. As regards “he question of 
transmission of the virus through the seed of to- 
matoes, tests of seed from infected fruits have not 
yet been carried out. However, in one outbreak of 
the disease where a considerable number of young 
plants developed the black-ring symptoms, a 
sample of the seed, var. Potentate, was obtained 
from the grower and upwards of 100 plants were 
raised. All these plants were healthy. 

Nicotiana tabacum, tobacco, var. White Burley. 
There is a good deal of variation in the symptoms 
caused in this variety of tobacco, some of which is 
due to environmental conditions. In winter time 
local lesions in the form of clear glassy spots 
develop after 4-5 days, and these are followed by 
numerous systemic lesions of a similar or ring-like 
nature. These increase in size, coalesce and may kill 
the leaf. At the same time the youngest central leaf 
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exhibits a fairly intense, broad yellowing—but not 
clearing—of the veins which becomes necrotic and 
destroys the growing point. Under winter condi- 
tions in the glasshouse young tobacco plants are 
frequently killed by the virus, but those that survive 
outgrow the symptoms, though the leaves may be 
slightly darker than normal. Under summer condi- 
tions of high temperatures and high light intensity 
local lesions are seldom formed and the systemic 
symptoms are rather variable. While the tendency 
is towards ring formation, the rings may be either 
necrotic and clearly etched on the leaf: or else 
chlorotic, varying from a pronounced yellow colour 
to faint ring and line patterns (see Pl. V, figs. 6-8). 

Nicotiana tabacum, Turkish, var. Kawala. About 
5 days after inoculation under winter conditions, 
very shiny, glassy lesions, rather similar to those in 
White Burley or alternatively single necrotic rings, 
develop (PI. V, fig. 5). These clear glassy spots later 
become zonate. Numerous other glassy spots 
develop systemically while the central leaves show 
a severe yellow mottle which rapidly becomes 
necrotic. The lower leaves frequently show a few 
large necrotic rings (PI. IV, fig. 3). 

Local lesions are infrequent on this variety of 
tobacco under summer conditions, though symptoms 
are more markedly necrotic than on White Burley. 
Recovery of Kawala tobacco from the disease is 
rapid, and such plants, though still retaining the 
virus, appear to differ little from the normal. 

Nicotiana glutinosa. On this species the disease 
is rather mild and consists of chlorotic ring and line 
patterns. Young seedlings are susceptible and show 
this type of symptom but older plants are much 
more difficult to infect, and when infected fre- 
quently carry the virus without symptoms. 

Nicotiana spp. Various other species of Nicotiana 
were tested and found to be susceptible to the virus. 
The following species were used: N. sylvestris, 
N. langsdorffit and N. paniculata. Symptoms were 
faint and consisted of chlorotic ring and line 
patterns; they were rapidly lost with the growth of 
the plant. 

Datura Stramonium. No local lesions develop on 
this plant, but rather faint chlorotic rings develop 
systemically. These are followed by a characteristic 
yellowing of the leaf edges which is not a mosaic 
mottle but is more reminiscent of the yellowing 
caused by the potato leaf-roll virus on this plant; 
this yellowing of the outermost part of the leaf 
persists throughout the life of the plant. There is no 
preliminary clearing of the veins as a first sign of 
infection. 

Petunia sp., garden varieties. Symptoms develop 
after about a week under summer conditions and 
consist of a fleck mosaic with small spots of dark 
green on a light green background. This is usually 
followed by the appearance of numerous necrotic 











128 Tomato black-ring: a new virus disease 


rings. Local lesions in the form of rings are some- 
times present. The disease is less severe than on 
tomato or tobacco. 

Potato. All attempts to infect this plant both by 
sap-inoculation and by grafting have failed. Return 
inoculations from grafted potato plants have been 
consistently negative. 


Cucurbitaceae 


Cucumis sativa, ridge cucumber (PI. IV, fig. 4). 
This type of cucumber is very susceptible to the 
black-ring virus and it has been used extensively as 
a test plant. Local lesions in the form of chlorotic 
or slightly necrotic rings or spots develop about 
5 days after inoculation. The first sign of systemic 
infection is the appearance of a few roundish and 
rather discrete yellow spots on the youngest leaves. 
As the plant grows the mosaic changes to a dark 
green mottling and then fades away with continued 
growth. No symptoms have been observed on the 
fruit of infected cucumber plants. 

Cucurbita pepo, vegetable marrow. Numerous 
necrotic rings and spots develop on the inoculated 
leaves of vegetable marrow plants but no systemic 
infection has been observed. 


Chenopodiaceae 


Spinacia oleracea. Spinach is easily infected with 
the virus; plants inoculated on 19 March showed 
symptoms on 4 April. Slight vein-clearing of the 
youngest leaves usually develops, followed by a 
mosaic of chlorotic ring and line patterns. Local 
lesions in the form of clear necrotic rings with a 
central spot may develop on inoculated leaves but 
they are not an invariable symptom. 


Leguminosae 


Phaseolus vulgaris, French bean. Local lesions 
have not been observed on the French bean but 
necrotic spots sometimes develop systemically on 
the growing point and on the youngest leaves 
particularly along the veins, the most characteristic 
symptom is a mosaic mottle made up of light- 
coloured chlorotic rings or spots on a dark green 
background. 

The symptoms of the disease in French bean are 
transitory and the plant rapidly recovers and 
appears normal. 


Tropaeolaceae 


Tropaeolum majus. Local lesions sometimes but 
not always develop on the inoculated leaves of 
nasturtium; the systemic disease consists of a faint 
but characteristic mosaic formed of chlorotic ring 
and line patterns (Pl. IV, fig. 2). Infected plants 
rapidly grow away from the symptoms and appear 
normal. 


Ficoidaceae 
Tetragonia expansa. New Zealand spinach js 


easily infected with the black-ring virus which 
produces chlorotic ring and line patterns. 


Plant carriers of tomato black-ring virus 


The virus has entered all the following species of 
plants which have shown no reaction. Retum 
inoculation from leaves, other than those actually 
inoculated, have given positive infections on various 
test plants. With the lapse of time, however, the 
virus apparently disappeared from some of the 
plants and could not be recovered again. On the 
other hand, the virus could still be isolated from 
plants of Dipsacus and Antirrhinum, inoculated 
5 months previously. 

Atropa belladonna, deadly nightshade ; Cheiranthus 
cheiri, wallflower; Dipsacus sylvestris, common 
teasel; Antirrhinum majus, snapdragon; Lapsana 
communis, nipplewort; Primula obconica; Schi- 
zanthus sp.; Viola tricolor, pansy ; Gloxinia. 


Plants immune to tomato black-ring virus 


The following plants have proved resistant to the 
virus when attempted transmission was made by 
mechanical means; in the case of the potato plant 
attempts to infect by means of grafting were also 
negative: Agquilegia, Aster, Dahlia, Hollyhock, 
Lettuce, Potato, Stock (Matthiola), Sugar beet. 


Comparison of the tomato black-ring virus 
with certain other viruses 


Tomato spotted-wilt virus. In some of its symp- 
toms, especially in the formation of rings on the 
tobacco plant, the black-ring virus resembles that of 
tomato spotted wilt. It is easily differentiated, 
however, by the different physical properties 
notably by its much greater longevity in vitro, and 
by its reactions on Nicotiana glutinosa, Datura and 
ridge cucumber. Incidentally in the experiments 
with ridge cucumber it was observed that tomato 
spotted-wilt virus produces local lesions in the form 
of necrotic rings on this plant but does not become 
systemic. 

There is no cross-immunity between the two 
viruses since tdmato spotted-wilt virus easily 
entered plants of N. glutinosa and tobacco which 
were systemically infected with the black-ring 
virus. 

Tobacco ringspot virus. While the symptoms of 
the two viruses on tobacco are slightly similar, the 
reactions of tobacco ringspot virus on Datura and 
Phaseolus vulgaris are entirely different from those 
of tomato black-ring virus, being extremely necrotic 
and usually lethal to both species. There is no crosé- 
immunity between the two viruses. 

Tomato ringspot virus. There are certain simi- 
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yrities between the symptomatology of the black- 
rng virus and that of the tomato ringspot virus 
described by Samson & Imle (1942) but there can 
ie little doubt that the two are distinct. The main 
lifferences are as follows: the longevity in vitro of 
mato ringspot virus according to Samson & 
Inle is 27 hours, that of tomato black-ring virus 
jdays or longer. Tomato ringspot virus does not 
infect cucumber, Cucurbita pepo, Phaseolus, pansy, 
\.glutinosa, N. sylvestris, nasturtium (T'ropaeolum) 
md New Zealand spinach. Tomato black-ring virus 
infects all these plants. The potato is given as a host 
plant of the tomato ringspot virus but all attempts 
o transmit the black-ring virus to potato have 
failed. 

Samson & Imle depict very striking ringspots 
m the tomato fruits; these have never been 
observed on the fruits of tomato plants infected 


with black-ring which is essentially a disease of 
young tomato plants. Those plants which survive 
the severe initial disease have usually grown away 
from all visible symptoms by the time they set their 
fruits. 


DISCUSSION 


The isolation of tomato black-ring virus adds one 
more to a large and increasing family of viruses 
which are all different and yet have certain 
characteristics in common. Of eight such viruses 
examined (see Table 1), it will be seen that the 
physical properties are similar, i.e. low concentra- 
tion of virus in the plant, longevity in extracted sap 
2-7 days, and a thermal inactivation point between 
5-60° C. To these may be added a ninth virus 
obtained by the writer from an isolated plant of 
mandrake growing in a wood in Princeton, U.S.A. 
Yn tobacco this virus produced very striking ring- 
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spot patterns but was apparently not related to the 
ringspot virus described by Wingard (1928). 

The cucumber and bean (Phaseolus) are ap- 
parently common hosts for nearly all these viruses 
with the exception of tomato ringspot and all are 
‘tobacco ringspot viruses’. An interesting point is 
the fact that many of these viruses have only been 
observed on one occasion, generally on isolated 
plants either in the glasshouse or out-of-doors and 
if they had not been propagated artificially would 
probably have disappeared again. It should also 
be emphasized that no insect vector has been 
discovered for any of these nine viruses, although 
in the case of tomato black-ring it is difficult to 
explain the presence of the virus simultaneously on 
a large number of young tomato plants without the 
agency either of some insect vector or of seed trans- 
mission but at the moment there is no evidence of 


Table 1. Properties of eight tobacco ringspot viruses 


Thermal 
inactivation 
point in Longevity Dilution Cucumber Phaseolus Insect 
Virus “c. in vitro end-point as host as host vector 
Tobacco ringspot (Wingard, 1928) 55-60 3 days 10-3 + a = 
Price’s ringspot no. 2 (Price, 1936) 55-60 3 days 10-2-10-% ? aa — 
Broken ringspot (Smith & Mark- 60 6 days 10-2-10-3 7 + - 
ham, 1944a) 
Broad ringspot (Johnson & Fulton, 54 42 hr. ie + - = 
1942) 
Tomato black-ring (this paper) 58 7 days 10-1 + + - 
Tomato ringspot (Samson & Imle, 56 27 hr. 10-1 - _ ~ 
1942) 
Lovage mosaic (Smith & Markham, 60 7 days 10-2-10-3 + + _ 
19445) 
Arabis mosaic (Smith & Markham, 60 48-72 hr. 10-2-10-3 + + = 
1944a) 


either. Another characteristic common to all these 
viruses is the rapid power of recovery shown by 
infected plants. Initial symptoms are usually 
severe but if the plant survives it soon grows away 
from the symptoms and appears almost normal 
although still retaining the virus. This is especially 
true of plants infected with the virus of tomato black- 
ring, a virus which is also carried without symptoms 
by a surprising number of unrelated plants. 

A puzzling feature is the method of spread of 
these ringspot viruses, at least of those which do 
spread. Since all exist in low concentration in the 
host plant, spread by mechanical contact is practi- 
cally ruled out. No insect vector has been dis- 
covered, although insect transmission studies may 
not have been extensive and it is possible that a 
thrips vector may be found for some of them. It 
seems clear, however, that they are not aphis- 
borne; this type of virus is seldom carried by 
aphides and the only virus capable of forming 
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Tomato black-ring 


necrotic rings on tobacco which is also known to be 
aphis-transmitted seems to be cabbage black-ring- 
spot virus (Brassica Virus 1, Smith). 

There is no doubt that this group of viruses is an 
interesting one, especially from the viewpoint of 
their origin. What is the explanation of the ap- 
pearance of undescribed viruses, for which no insect 
vector is known, on single or isolated plants inside 
glasshouses and sometimes in mid-winter? It can, 
of course, be assumed that such viruses are derived 
by means of some genetical mechanism inside the 
plant itself though more evidence must be forth- 
coming before an assumption of such fundamental 
importance can be accepted. It may however be 
permissible to speculate on the possibility of such 
heterogenesis. The fact that all plants infected with 
these ringspot viruses show the same phenomenon 
of rapid recovery does perhaps suggest that there is 
no very great antagonism between the virus and ‘the 
plant. Furthermore the virus of tomato black-ring 
is accepted by a large number of miscellaneous 
plants without the slightest sign of disease and it 
can be recovered again from such plants for a time, 
after which it appears to be lost. Such speculations 
as this should include a reference to the paracrinkle 
virus (Salaman & Le Pelley, 1930) which occurs in 
all potatoes of the King Edward variety and which 
is apparently not transmissible by any natural 
means and to the virus of tobacco necrosis which is 
found in the roots of normal-looking plants and has 


: anew virus disease 


only been found in glasshouses (Smith & Bald, 
1935). A discussion on the heterogenesis of viruses 
with especial reference to the paracrinkle virus 
has recently appeared (Darlington, 1944; Carson, 
Howard, Markham & Smith, 1944). 


SUMMARY 


A new virus disease of tomatoes is described for 
which the name tomato black-ring is suggested. The 
host range of the virus is wide but no insect vector 
has yet been identified. The longevity in vitro of the 
virus is 7 days or longer, the thermal inactivation 
point is about.58° C. and the concentration of the 
virus in the host plant is low. Tomato black-ring is 
essentially a disease of young plants which rapidly 
lose their symptoms if they survive the severe 
initial infection. The virus is carried without symp- 
toms by a large number of miscellaneous plants. 


Note added in proof. In a private communication 
Kassanis has pointed out that the tomato black 
ring virus produces enations on the undersides of 
the leaves of cucumber. The writer has confirmed 
this but finds that the enations develop only in the 
greenhouse type of cucumber, never on the outdoor 
or ridge variety. The enations do not seem to 
develop under winter conditions. 


The writer’s best thanks are due to Miss Margaret 
Short for her assistance in this work and to Dr Roy 
Markham for taking the photographs. 
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EXPLANATION OF PLATES IV anp V 


PLatTE IV 


Fig. 1. Leaf of tomato, var. Kondine Red, affected with 
the black-ring virus; note the formation of the 
characteristic black rings. 

Fig. 2. Leaf of nasturtium (T'ropaeolum) affected with 
the black-ring virus; note the chlorotic ring and line 
patterns. 

Fig. 3. Turkish tobacco, var. Kawala, infected with the 
black-ring virus; these symptoms are characteristic 
of winter conditions. 

Fig. 4. Leaf of ridge cucumber showing the type of 
mosaic mottle produced by the black-ring virus; 
below, healthy leaf. 


PLATE V 


Fig. 5. Leaf of Turkish tobacco, var. Kawala, showing 
the glassy local lesions produced by the black-ring 
virus under winter conditions. 

Fig. 6. Leaf of tobacco, var. White Burley, showing the 
necrotic type of rings. 

Fig. 7. Leaf of tobacco, var. White Burley, showing 
broad chlorotic rings which are bright yellow in 
colour. 

Fig. 8. Leaf of tobacco, var. White Burley, showing 
chlorotic ring and line patterns, pale green in colour. 

Figs. 6-8 illustrate the variability in symptoms pro- 
duced in tobacco by the black-ring virus. 


(Photographs by Roy Markham.) 


(MS. received for publication 16. vit. 1945.—Ed.) 








PAR. 





PARASITOLOGY, VOL. 37, NOS. 3, 4 PLATE IV 


Bald, 
ruses 


virus ; 
rson, 
i 


a 

Py hd 
d for i ; 

. The ; 
ector 
of the 
ation 
f the 
ing is 
pidly 
evere 
ymp- 
its. 









‘ation 
black 
les of 
irmed 
in the 
tdoor 
m to 


rgaret 
r Roy 


hology, 
tology, 
9444). 
9445). 


3. 


10Wing 
+k-ring 


ing the 


rowing 
low in 


howing 
colour. 
is pro- 








PLATE V 








PARASITOLOGY, VOL. 37, NOS. 3, 4 








THE 


By KI 


In two 
the con 
1945) ; 
aphis tri 
viruses 
In th 
which d 
rosette « 
viruses, 
spective 
this pay 
be tran 
torting 
leseribe 


EXP. 
MIS 


A large 
shown | 
retain t 
nd mo 
intake o 
m the : 
feeding 
suitable 
the aph 
ut in 7 
As al 
fective 
and thi: 
perimen 
infectiv 
lave be 
that the 
3 weeks 
tobacco 
having ¢ 
that du: 
be infee 
ein-dis 
rus ale 
fthese 


ments ii 
rosette 1 


n imm 
‘hinese 


transfer: 





INTRODUCTORY 


In two recent papers an account has been given of 
the composite rosette disease of tobacco (Smith, 
1945a) and an analysis made of experiments on the 
aphis transmission of this virus complex and of other 
viruses (Smith & Lea, 1945). 

In the present paper experiments are described 
which deal with the transmission by aphides of the 
rosette disease as a whole and of the two component 
viruses, the vein-distorting and mottle viruses re- 
spectively. The curious phenomenon dealt with in 
this paper, that the mottle virus cannot apparently 
be transmitted by the aphis unless the vein-dis- 
torting virus is also present, has already been briefly 
described (Smith, 19455). 


EXPERIMENTS ON THE APHIS-TRANS- 
MISSION OF THE ROSETTE DISEASE 


A large number of experiments on rosette have 
shown that once the aphides are infective, they 
retain the two component viruses—vein-distorting 
ind mottle—for the rest of their lives. Since the 
intake of virus is cumulative a long period of feeding 
nm the source of virus is necessary, and 2—4 days’ 
feeding on the rosette plant seem to be the most 
suitable times. The results of the experiments on 
the aphis transmission of the rosette disease are set 
nt in Table 1. 

As already stated, once the aphis has become in- 
fective it does not appear to lose infective power, 
and this has been demonstrated by a series of ex- 
periments in which day-to-day transfers of single 
infective aphides on White Burley tobacco seedlings 
lave been carried out. It will be seen from Table 2 
that the aphis retains both viruses for as long as 
}weeks and can thus infect twenty consecutive 
tobacco plants in serial daily transfers without again 
laving access to a source of virus. It is noteworthy 
that during these serial transfers some plants may 
einfected with the rosette complex, some with the 
tin-distorting virus alone and some with the mottle 
irus alone. Further proof of the persistent nature 
fthese viruses in the aphis is given by some experi- 
ments in which aphides were fed for 4 days on a 
rosette tobacco plant and then colonized for 6 days 
immune plants such as rhubarb seedlings and 
(hinese cabbage. In one such experiment when 
tansferred to White Burley tobacco after the lapse 
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By KENNETH M. SMITH, Plant Virus Research Station and Molteno Institute, Cambridge 


Table 1. Transmission of tobacco rosette 
by aphides 


No. of No. of 
Time on Time on aphides No. of test 
source of healthy per test plants 
Aphis rosette _— plant test plants in- 
species hr. hr. plant colonized fected 
Myzus 24 24 1 9 9 
persicae 24 24 1 6 5 
48 24 ] 20 19 
48 48 1 12 1] 
48 48 l 12 9 
72 48 l 12 12 
168 2 1 12 6 
168 0-585 1 20 1] 
168 24* 1 20 9 
168 24 l 12 7 
168 24 | 12 5 
168 24 1 12 8 
168 2 ] 6 : 
Myzus 72 48 5 4 2 
convolvuli 72 48 5 4 0 
72 48 5 6 1 
72 48 5 6 0 
72 48 5 10 2 
Macro- 2 120 5 12 0 
siphum 48 24 5 12 0 
get 72 96 4 6 0 
Myzus 48 72 4 6 0 
circum- 48 72 6 7 0 
flexus 48 72 6 6 0 
72 72 3 4 0 


* After 48 hr. on cabbage 


of 6 days, they infected six out of six plants with 
the rosette disease. 

Four species of aphides have been used in the ex- 
periments: Myzus persicae, M. convolvuli (= pseudo- 
solani Theob.), M. circumflexus and Macrosiphum 
gei. Of these, Myzus persicae is the most efficient 
but M. convolvuli is also a vector. M. circumflexus 
and Macrosiphum gei have failed to transmit the 
complex or its component viruses. 


TRANSMISSION OF THE VEIN-DISTORTING 
VIRUS BY APHIDES 


Experiments on the transmission of the vein-dis- 
torting virus by aphides have shown that it is carried 
in a similar manner to the rosette complex and by 
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Table 2. Transmission of tobacco rosette by Myzus 
persicae; serial daily transfers. Time on healthy 
plants 24 hr., one aphis per test plant 


Time on 
source of 
rosette No. of serial 


hr. transfers Result 


148 Fourseriesoftrans- Infection carried to 15th 
fers, involving 15 plant, but not all plants 
plants each received both viruses 

148 Six series of trans- Infection carried to 20th 
fers, involving 20 plant in 4 series, to the 
plants each 12th plant in the 5th 

series, and to the 6th 
plant in the 6th series 
72 Six series of trans- Infection carried to the 


fers, involving 10 
plants each 


10th plant in 3 series, 
to the 6th plant in the 
4th aphides 
died 


series, 2 


Infection carried to the 
8th plant in 4 series, to 
the 7th in one series, 
1 aphis died 


48 Six series of trans- 
fers, involving 8 
plants each 


Infection carried to the 
6th in 5 series, 1 aphis 
died 


24 + Six series of trans- 
fers, involving 6 
plants each 


Table 3. Transmission of vein-distorting 
virus by aphides 


No. of No. of 
Time on Time on aphides No. of test 
source of healthy per test plants 
Aphis virus plant test plants in- 
species hr. hr. plant colonized fected 
Myzus 72 2 1 20 s 
persicae 144 0-25 1 20 7 
48 | ] 20 5 
48 48 l 12 7 
24 24 l 12 5 
48 48 l 5 5 
48 48 l 12 12 
72 72 1 12 9 
48 48 5 12 1] 
‘ 48 48 5 12 12 
Myzus 48 48 3 6 2 
convolvuli 
Myzus 72 48 3 4 0 
circum- 48 48 6 6 0 
flexus 48 48 6 7 0 
Macro- 48 48 2 6 0 


siphum get 


the same aphides. Macrosiphum gei and Myzus 
circumflexus have failed to transmit this virus either 
alone or in the composite rosette disease. Table 3 
gives the results of the experiments with the vein- 
distorting virus. 


The transmission of a plant virus complex by aphides 


ATTEMPTED TRANSMISSION OF THE 
MOTTLE VIRUS BY APHIDES 


Using the same four species of aphides which were 
used in the transmission of the rosette complex and 
the vein-distorting virus, a very large number of 
attempts have been made to transmit the mottle 
virus. All these attempts have been completely 
negative, and in no instance has the mottle virus 
been aphis-transmitted in the absence of the vein- 
distorting virus. When the discovery was first made 
that the aphis was unable to pick up the mottle 
virus, the following experiment was performed. 
A young tobacco plant, var. White Burley, was 
infected with the mottle virus by sap inoculation, 
and when the symptoms appeared, the plant was 
colonized with the aphis Myzus persicae. After 
feeding for 3 days on this plant the aphides were 
transferred to twelve healthy White Burley seed- 
lings, using 5-10 aphides per plant. All 
tobacco seedlings remained healthy. The original 
tobacco plant infected with the mottle virus, which 
was used as the source of virus for this negative 
experiment, was then infected with the vein-dis- 
torting virus so that in due course the composite 
rosette disease developed. The plant was then re- 
colonized with M. persicae and the aphides removed 
after 3 days’ feeding to twelve healthy White 
Burley seedlings, but this time using only one aphis 
per plant. Nine out of the twelve tobacco seedlings 
developed the rosette disease, of which, of course, 
the mottle virus is one component. 

In the negative attempts to transmit the mottle 
virus by means of aphides which are set out in 
Table 4, the effect was tried of long and short feeding 
on the source of virus, of starving the aphides before 


twelve 


feeding, and of using mass infections of aphides. 
All these failed to induce transmission of the virus. 

Since it appears to be necessary for the vein- 
distorting virus to be present to enable the aphis 
to pick up the mottle virus, some experiments were 
performed to find out if the two viruses had to be 
associated in the plant for transmission to be effected 
or whether the presence in the aphis of the vein- 
distorting virus previous to its feeding on a source 
of mottle virus would enable it to pick up the latter 
virus. Aphides (M. persicae) were therefore fed for 
varying periods on a source of vein-distorting virus 
and then transferred for a similar period to a source 
of mottle virus and finally transferred to healthy 
tobacco seedlings. Details of these experiments are 
set out in Table 5, and it will be seen that all the 
experimental plants developed only the vein-dis- 
torting disease, the presence of this virus in the 
aphis having apparently had no effect on the 
inability of the insect to pick up the mottle virus. 

It is perhaps worth mentioning that at the con 
clusion of Exps. 3 and 4 (Table 5), all the aphide 
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used were collected and colonized on one or two 
fresh White Burley tobacco seedlings. In these two 
cases two plants did develop the complex rosette 
disease ; this suggested that possibly large numbers 
of aphides which were carrying the vein-distorting 
virus might between them pick up enough mottle 
yirus to infect a single plant. Mass colonizations 


Table 4. Negative transmission of mottle virus by 
aphides. Not one of the 379 plants colonized was 
infected 

Time on 
source of 
virus No. of 
(hr. except Time on  aphides No. of 
where healthy per test 
Aphis otherwise _ plant test plants 
species stated) hr. plant colonized 

Myzus 168 24 ] 12 
persicae 168 24 ] 12 

168 48 7 6 
168 24 1 20 
168 24 ] 6 
168 ] ] 20 
168 1 1 12 
120 72 10 12 
96 72 10 4 
72 72 5 4 
48 168 ] 12 
48 168 | 12 
48 48 22 12 
48 48 10 12 
48 48 10 6 
48 48 5 10 
48 48 5 12 
48 48 5 8 
48 24 1 12 
48 24 10 12 
24 48 l 20 
24 24 l 12 
24 24 l 12 
24 168 1 12 
24 168 1 12 
l 24 l 12 

l 24 I 6 

l | 1 12 
10min. 72 10 12 
Myzus 168 24 5 6 
convolvuli 48 48 5 10 
48 48 5 10 
48 48 5 6 
10min. 24 5 6 

Myzus 72 48 5 3 

circumflecus 

Macrosiphum gei 72 72 6 12 


were therefore made of aphides which had first fed 
on vein-distorting virus and then on mottle virus, 
a many as twenty-eight aphides per seedling 
tobacco being used. However, only the vein-dis- 
torting virus was transmitted, and it is concluded 
that the two cases of apparent positive infection 
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with mottle must have been due to contamination 


with aphides from a source of rosette. It seems, 
therefore, that it is necessary for both viruses to be 
present in the plant for transmission of the mottle 
virus by aphides to be effected. 

A few experiments were also carried out in which 
the reverse procedure to that described above was 
followed, the aphides being fed first on a source of 
mottle virus and then on a source of vein-distorting 
virus. In every case only the latter virus was 
transmitted. 


Table 5. Negative transmission of mottle virus by 
Myzus persicae: fed first on vein-distorting viru. 
and then on mottle virus 


Time on 


vein- No. of 
dis- Time on Time on aphides No. of 
torting mottled healthy per test Infection 
tobacco tobacco tobacco _ test plants pro- 
hr. hr. hr. plant colonized duced 
96 72 48 ] 12 8/12 
96 48 48 5 12 11/12 
48 48 48 | 5 5/5 
48 48 48 l 12 12/12 
48 48 48 ] 12 12/12 
48 48 48 28 6 6/6 
48 48 48 l 6 2/6 
48 48 48 15 12 4/12 
48 48 48 6 6 4/6 
24 48 48 5 6 2/6 


In the last column the numerator is the number of 
plants infected, the denominator the number of plants 
colonized. In every case only the vein-distorting virus 
was transmitted. 


~EXPERIMENTS WITH DATURA 
A large number of experiments with Datura Stra- 
monium has shown that this plant is susceptible to 
infection with the mottle virus but is resistant to 
the vein-distorting virus, which appears to remain 
in the plant for a very short time. Thus, the writer 
has never succeeded in transmitting the rosette 
disease to tobacco by grafting to it a Datura scion 
infected with rosette. The mottle virus is trans- 
mitted by the graft easily enough, but by the time 
organic union between scion and stock is effected, 
the vein-distorting virus seems to have disappeared 
from the Datura scion. . 

Experiments with this plant have also demon- 
strated indirectly the necessity for the presence of 
the vein-distorting virus in order to allow the aphis 
to pick up the mottle virus. For example, if the 


SP. 


aphis Myzus persicae is colonized on a Datura plant, 
recently infected with the rosette complex, it will 
sometimes convey both viruses to tobacco seedlings. 
After a week or so, however, the aphis fails every 
time to transmit the rosette disease from the Datura 
plant to tobacco. Nor does it pick up the mottle 
virus even if the presence of this virus in the Datura 
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plant can be demonstrated by sap inoculation to 
tobacco. In other words, it appears that the aphis 
can pick up the rosette complex from an infected 
Datura plant for a short period, but it cannot pick 
up the mottle virus from the same plant as soon as 
the amount of vein-distorting virus has fallen below 
the level of infectivity. 


ATTEMPTED APHIS-TRANSMISSION OF 
MOTTLE VIRUS PLUS OTHER VIRUSES 
Some experiments were carried out to examine the 
possibility that the presence of some other aphis- 
transmitted virus might enable the aphis to pick 
up the mottle virus. Aphides were colonized on 
tobacco seedlings infected with (a) cucumber mosaic 
and mottle viruses, (6) veinal necrosis and mottle 
viruses, (c) on Nicotiana glutinosa infected with 
-abbage black ringspot and mottle viruses, (d) on 
Datura plants infected with the viruses of potato 
leaf-roll and mottle. In no case did the presence of 
the second virus enable the aphis to pick up the 

mottle virus. 

Some experiments were also performed on feeding 
aphides on virus complexes containing the vein- 
distorting virus and some other non-aphis-trans- 
mitted virus. Various complexes were tested in- 
eluding tobacco mosaic virus, tomato bushy stunt 
virus and lovage mosaic virus, to each of which the 
vein-distorting virus was added. The aim of these 
later experiments was to find out if the presence of 
the vein-distorting virus would enable the other 
virus of the complex which is not normally aphis- 
transmitted to be picked up by the insect. In all 
these tests only the vein-distorting virus was trans- 
mitted by the aphis. 

DISCUSSION 

The most obvious explanation of the non-trans- 
mission by aphides of the mottle virus except in the 
presence of the vein-distorting virus is a quanti- 
tative one, i.e. that there is more mottle virus 
present in the composite rosette disease than in the 
mottling disease alone, thus enabling the aphis to 
pick up the mottle virus from the complex. Dilution 
experiments, however, do not support this explana- 
tion, and no difference was discernible in dilution 
tests of mottle virus from plants infected with 
rosette and mottle respectively. 

Another possible explanation is that the vein- 
distorting virus adsorbs the mottle virus, though 
here again it is difficult to obtain evidence one way 
or another. Experiments in which the mottle virus 
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was mixed with some other aphis-transmitted virus 
in a common host all failed to induce the aphis to 
transmit the mottle virus. Similarly, experiments 
in which the vein-distorting virus was mixed with 
other non-aphis-transmitted viruses in a common 
host were also negative. 

It seems clear that it is necessary for the two 
viruses to be together in the plant to enable the 
aphis to transmit the mottle virus. Experiments in 
which aphides, already carrying the vein-distorting 
virus, were colonized on mottled tobacco plants re- 
sulted in the transmission of the vein-distorting 
virus alone. The same phenomenon was shown when 
a different species of aphis, Myzus convolvuli, was 
used. This seems to suggest that if the vein-distorting 
virus does adsorb the mottle virus, such adsorption 
takes place only in the plant. 

There is one other somewhat similar case in the 
literature. Clinch, Loughnane & Murphy (1936) 
have stated that it is necessary for potato virus A 
to be present in the potato plant to enable the aphis 
M. persicae to pick up potato virus F (tuber blotch 
virus). It is evident that further work is necessary 
before this type of association between two plant 
viruses can be satisfactorily explained. 


SUMMARY 

An account is given of experiments on the aphis- 
transmission of the composite virus disease of 
tobacco known as rosette. It is shown that the 
component viruses—the vein-distorting and mottle 
viruses—persist for long periods in the body of the 
aphis, and that as many as twenty consecutive 
tobacco plants can be infected in 24 hr. serial 
transfers without the insect having recourse to a 
fresh source of virus. 

The aphis Myzus persicae is the most efficient 
vector, the aphis M. convolvuli being less effective. 
The aphides M. circumflexus and Macrosiphum gei 
failed to transmit the virus. 

It is shown that the mottle virus can only be 
transmitted by the aphis when it is accompanied in 
the plant by the other component of the rosette 
disease, the vein-distorting virus. The latter virus 
is easily transmitted by the aphis, either alone or 
in combination with the mottle virus. 


The writer’s best thanks are due to Miss Margaret 
Short for her assistance with the large numbers of 
aphis-transmissions, and to Dr Douglas Lea and 
Dr Roy Markham for suggestions in the course of 
the work. 
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ON TWO SPECIES OF SUCKING LICE (ANOPLURA, HAEMATO- 
PINIDAE) FROM THE COMMON NORTH INDIAN FIVE-STRIPED 
SQUIRREL (FUNAMBULUS PENNANTI PENNANTI WR.)* 


By M. L. ROONWAL, M.Sc., Pu.D. (CantTas.), ASsIstaNnT SUPERINTENDENT, AND 
S. NATARAJ, M.Sc., Assistant, Zoological Survey of India 


(With 1 Figure in the Text) 


I. INTRODUCTION 


The material which forms the basis of this note 
onsists of two species of Anoplura, namely, 
Neohaematopinus echinatus (Neumann) and Hoplo- 
jleura maniculata (Neumann), both from the 
ommon North Indian five-striped squirrel, Funam- 
hus pennanti pennanti Wroughton, collected at 
Benares (United Provinces). Since Neumann’s 

1910) description of the two species from ‘Sciurus 
plmarum Gm.’ (vide infra) from Rajkote (Kathia- 
var) and Scotophilus wroughtoni(?).from Navapur 
W. Khandesh Dist.), there appears to be no other 
Indian record. 

The present material is interesting in four re- 
sects: (i) it provides the first record from the 
United Provinces; (ii) it provides the first clear 
reord from the common five-striped squirrel, 
Funambulus pennanti pennanti Wr.; (iii) it confirms 
Yeumann’s statement that the two species occur on 
the same host species; and (iv) it shows that the two 
species occur simultaneously on the same host indi- 
viduals and in the same body regions, both occur- 
ring all over the body but being more common in the 
perineal region. 


Il. SYSTEMATICS 
Family HAEMATOPINIDAE 
Subfamily LINOGNATHINAE 
1. Neohaematopinus echinatus (Neumann) 


1910. Haematopinus (Polyplax) echinatus Neu- 
mann, Arch. Parasit., Paris, 13 (4) (1908-9), 
517-21, figs. 19, 20 (3). 

1912. Neohaematopinus echinatus Cummings, Bull. 
Ent. Res. 3, 393. 

1916. Neohaematopinus echinatus Ferris, Proc. 
Calif. Acad. Sci. (4) 6 (6), 168-70. 

RECORDED Hosts. Rodentia, Sciuridae (squir- 
tels): ‘Sciurus palmarum Gm.’, Rajkote (Neumann, 

1910). Chiroptera (bats): Scotophilus wroughtoni 

(doubtful), Navapur (Neumann, 1910). 

* Published with the permission of the Director, 

Zoological Survey of India. 


Neumann had before him two males and two 
females, and this was, until now, the sole recorded 
material. The material examined by us includes 
about fifty males and females from four specimens of 
Funambulus p. pennanti Wr., trapped in November 
1944 and January 1945, from the garden of Kaiser 
Castle, Benares Cantonment. 

Since the female of Neohaematopinus echinatus 
has not yet been figured, we illustrate it here 
(Fig. 1). 


Table 1. Neohaematopinus echinatus (Neum.). 
Measurements in mm. (M =mean) 


Sex Total length Length of head 

10 adult 33 1-12—1-50 0-24-0-30 
(M 1-32) (M 0-26) 

10 adult 9 1-60—2-06 0-28-0-32 
(M 1-80) (M 0-30) 

Length of Length of 

thorax abdomen 

10 adult 33 0:20-0:28 0-66—0-94 
(M 0-23) (M 0-82) 

10 adult 9S 0-24—0-28 1-02-1-40 
(M 0-26) (M 1-24) 


Several females had one or two large ripe eggs. 
Neumann gave the total length as: 3 1-52, 2 1-94mm. 


2. Hoplopleura maniculata (Neumann) 


1910. Haematopinus (Polyplax) maniculatus Neu- 
mann, Arch. Parasit., Paris, 13 (4) (1908-9), 
521-3, figs. 21, 22 (2). 

1915. Hoplopleura maniculata Kellogg & Ferris, 
Ann. Durban Mus. 1 (2), 155. 

1916. Hoplopleura maniculata Ferris, Proc. Calif. 
Acad. Sci. (4) 6 (6), 156. 

1921. Hoplopleura maniculata Ferris, Stanford 
Univ. Publ. (Biol. Sci.), 2 (2), pt. ii, 112-13, 
fig. 71 (3, 9). 

RECORDED HOSTS. Rodentia, Sciuridae (squir- 
rels): ‘Sciurus palmarum Gm.’, Rajkote (Neumann 

1910); Funambulus tristriatus, Colombo Ceylon 
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Fig. 1. 


pennanti Wr. (a) Dorsal view. 


(Ferris, 1921). Chiroptera (bats): 
wroughtont (doubtful), Navapur (Neumann, 1910). 

The material examined consists of about fifty 
males and females from the same individuals of 
Funambulus p. pennanti Wr., from which the pre- 
ceding species was obtained. 


Scotoph ilus 


Table 2. Hoplopleura maniculata (Neum.). 
Measurements in mm. (/ = mean) 
Sex 

10 adult 33 


Total length Length of head 


0-70—0-98 0-12-0-16 


(M 0-79) (M 0-13) 
10 adult 9 0-98-1-18 0-14—0-16 
(M 1-13) (M 0-14) 


Sex Length of Length of 


thorax abdomen 
10 adult 33 0:10-0:14 0-42-0-68 
(M 0-12) (M 0-50) 
10 adult 99° 0-12-0-16 0-72—0-94 
(M 0-13) (M 0-84) 


Two species of sucking lice 


O'S mm. 





Neohaematopinus echinatus (Neumann), female, from the squirrel, Funambulus pennanti 
(b) Ventral view. 
sterna; abd.t. 1-abd.t.8, first to eighth abdominal terga; ant. antenna; e. eye; pl. 1-pl.7, first 
to seventh pleural plates; th.t. thoracic terga; st. theracie sternal plate. 


a | 


abd.s. 1—abd.s.8, first to eighth abdominal 


Several females had one or two large, ripe eggs. 
The total length for 2? given by Neumann and by 
Ferris is larger, being 1-5 and 1-3 mm. respectively. 


Ill. NOTE ON THE IDENTITY OF 


NEUMANN’S HOSTS 


As stated above, Neumann (1910) recorded both 
the species of lice from (i) the bat Scotophilus 
wroughtoni from Navapur (W. Khandesh Dist.) and 
(ii) from the squirrel ‘Sciurus palmarum Gm.’ from 
Rajkote (Kathiawar). Neumann himself doubts the 
identity of the first and says that error might have 
occurred in labelling. the 
‘“Seturus palmarum Gm.’, also there is, unfortu- 
nately, some confusion. Firstly, there is no palmarum 
described by Gmfelin], and Neumann probably 
meant 


sect nd, 


Regarding 


Linn. (= Funambulus 
indicus Lesson), a name under which the common 


striped squirrels of both north and south India were 


Sciurus palmarum 
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formerly described (vide Blanford, 1891). Secondly, 
since Wroughton’s (1905) revision, we recognize two 
liferent species of common striped squirrels in 
a Southern three-striped species, Funam- 
(Linn.), and a Northern five- 
striped one, F. pennanti Wroughton. From the 
various distributional records (Wroughton, 1905, 
1919; Robinson & Kloss, 1918; Ellerman, 1940), and 
the specimens in the Indian Museum collections, we 


India 
ulus palmarum 
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know that F. palmarum does not extend north 
quite up to Kathiawar in which area probably 
F. pennanti alone occurs. Neumann’s squirrel, 
therefore, probably either F. 
pennanti Wr. or F. pennanti lutescens Wr. It would, 
however, be safest to hold the identity of Neumann’s 
host with some reservation. The present is, there- 
fore, the first clear record of the two species of lice 
from F’. pennanti pennanti Wr. 


was pennanti 
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STUDIES ON THE MORPHOLOGY AND BIONOMICS OF 
A LITTLE-KNOWN HOLOTRICHOUS CILIATE— 
BALANTIOPHORUS MINUTUS SCHEW. 


PART IIT. 


COPROPHILIC HABITS AND THE EFFECT OF URINE 


By J. M. WATSON, A.R.C.S., Lecturer in Zoology, Northern Polytechnic 


(From the Weilecome Laboratories of Tropical Medicine, London) 
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I. INTRODUCTION 


The strain of Balantiophorus minutus, which formed 
the material for the investigations recorded in the 
two earlier papers of this series (Watson, 1940 & 
1944), was originally obtained from a sample of 
human stool. In the present study it is, therefore, 
proposed to deal with the coprophilic habits of this 
ciliate in order to elucidate the conditions under 
which coprozoic Protozoa occur. 

Perhaps the principal interest which coprozoic 
Protozoa hold for the parasitologist, the medical 
man and the veterinary surgeon is their ability to 
live and multiply, not merely in undiluted faeces, 
but in the abnormal or liquid stools characteristic 
of various pathological conditions, such as diarrhoea 
and dysentery, since when present under these con- 
ditions they may readily be taken for parasitic 
intestinal forms. 

A further point of interest is the effect of urine, 
which must, not unnaturally, become mixed with 
the faeces from time to time. 

The effect upon the ciliate of the drugs used in 
the treatment of intestinal disorders, since traces 
of these are often present in the faeces, and the 
effect upon the ciliate of hypertonic solutions, since 
one lethal factor in urine appears to be its relatively 
high osmotic pressure, have also been investigated. 

Very little experimental work appears to have 
been done on the coprophilic habits or the effect of 
urine upon the coprozoic Protozoa as, apart from 
Hoare’s paper on the coprozoic ciliates Lembus 
pusillus, Cyclidium glaucoma and Uronema nigricans 


(Hoare, 1927), which includes a section on their 
coprophilic habits, and Cleveland’s papers on T'rn- 
trichomonas fecalis (Cleveland, 1928a, 6, c), I have 
not been able to trace any investigations dealing 
with these topics. 


Il. MATERIAL AND MODES OF 
INVESTIGATION 


The techniques used were basically similar to those 
employed in the second paper of this series (Watson, 
1944). ; 

In connexion with the coprophilic habits, speci- 
mens of normal, formed, human faeces were ob- 
tained from the same source as that used to supply 
the material for the faecal suspension employed as 
a culture medium; the diet was an adequately 
balanced one and, as far as could be detected, the 
faeces varied but little in consistency or composition. 
Abnormal faeces, mainly liquid stools from cases of 
diarrhoea and dysentery, were obtained from several 
sources, namely, from the Pathological Department 
of the West Middlesex Hospital by courtesy of 
Dr W. Broughton-Alecock, from the Devonport 
Pathological Laboratory of the Seamen’s Hospital, 
Greenwich, by courtesy of Dr Arthur Davies, and 
from the Shenley Military Hospital by courtesy of 
Major Crawford. To these three gentlemen I am 
deeply indebted for their willing co-operation. 

In the experiments to be later described on the 
effect of urine, the urine used was received from 
healthy individuals into sterile vessels, sealed and 
kept at 37° C. until required for use, a period not 
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gnerally exceeding a few minutes and never more 
Bihan a few hours, when it was allowed to cool. In 
me of the preliminary experiments 24 hr. urine 
amples were used, but careful control tests showed 
30 appreciable difference in results between these 
aperiments and those in which fresh single samples 
were used. No analysis of the urine was made in 
view of the fact that samples were obtained at 
lifferent times of day (relative to meals and drinks), 
fom different individuals and under otherwise vary- 
ing circumstances. 

Further details of the experimental methods used 
vill be given in the appropriate later sections of the 
paper. 


II. COPROPHILIC 


(a) 


{shas already been pointed out in the second paper 
{this series (Watson, 1944), Balantiophorus minutus 
ows an unusually strong predilection for organic 


HABITS 


Faecal cultures 


matter in an advanced state of decomposition. 
lackey (1925) has recorded a possibly identical 
orm from sewage; while Wight (1926) and Watson 
1940) have recorded it as a coprozoic organism 
It may, therefore, be classed 
8a cCoprozoic organism, since water and soil con- 
uminated with animal faeces provide it with a 
nost favourable habitat. 

In order to throw further light upon the copro- 


fom human faeces. 


thilie habits of this species, and especially to deter- 
nine whether it would live and multiply readily in 
ndiluted faeces, samples of human faeces from 
oth healthy and diseased subjects were inoculated 
vith the ciliate. The samples in question represented 
s wide a variety of copric conditions as possible. 
hall there were at my disposal twenty-nine samples 
fvaried consistency from healthy individuals and 
ftom cases of seven different diseases. In each case 
‘portion of the sample was diluted with water, so 
that it represented about 
noculated with the ciliate. 
Ihave adopted the classification of stools proposed 
ty Dobell & O’Connor (1921), with certain modifica- 
tons. According to this scheme faeces are grouped 


10%, faeces, and also 


8 follows: 


(A) normal—when brown and formed; 
(B) loose 


(C) 


when brown and semi-solid; 

diarrhoeic—when soft to liquid and brown, 
yellowish or greenish in colour; 

(D) dysenteric—loose or liquid and containing 
blood or mucus. 


To this arrangement I would like to add a fifth 
toup, namely 


(E) soapy—soft and of a curdy or mustard- 
like consistency containing no definite 
particles. 
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The stools of a breast-fed infant are characteristic 
of this latter group and cannot be comprised within 
any of the four preceding categories. Since these 
groups are by no means sharply defined, in all cases 
of doubt I have made consistency the principal 
criterion, placing all semi-solid or putty-like stools 
in group B, all loose soft stools in group C and 
all liquid stools in group D, regardless of whether 
or not they contained blood and mucus, such a 
fact being duly noted under ‘Remarks’, 

The results of these experiments on cultivation in 
human faeces are presented in Table 1, grouped 
according to the type of stool and not in chrono- 





logical order. 

In every instance of stools from cases of disease 
the samples had been sent by post and were, there- 
least 24 hr. old when with 
As in practice a coprozoic organism 


fore, at inoculated 
B. minutus. 
occurring as a contaminant in faeces would be likely 
to gain access to the stool during just this very 
period and would, if successful in establishing itself, 
have to multiply in the stale stool as a pabulum, 
the validity and value of the experiments is ac- 
centuated by this circumstance. The normal faeces, 
on the other hand, were freshly passed and had 
barely had time to cool to laboratory temperature 
when inoculated. 

To avoid drying, the undiluted stools were kept 
in small tubes, 50 x 15 mm., with a slightly narrowed 
neck plugged with cotton wool, so that only a small 
surface area of the sample was exposed for evapora- 
tion to take place. Under conditions the 
sample remained moist for as long as a fortnight. 
The diluted stools were kept in test-tubes plugged 
All the experimental cultures 


these 


with cotton wool. 
were kept at laboratory temperature. 

Numerical assays were not attempted, it being 
considered sufficient to know whether or not the 
organism was able to live and multiply in that 
particular medium. In the case of the undiluted 
samples a threefold examination was made: first, 
a small portion of the stool including, in non-liquid 
stools, not only solid matter but also some of the 
supernatant fluid, if any, was examined direct; 
secondly, a representative portion of the stool was 
diluted with sterile tap-water and several drops of 
this examined; thirdly, in some cases, recovery 
cultures were established, several small portions 
of the stool being transferred to tubes of dilute 
Lemco broth and examined 3 days after inoculation 
and again after 7 days. 

In most of the samples of pathological stools the 
treatment which had been applied to the patient 
during the 24 hr. prior to the passage of the stool 
was not known, and it could not, therefore, be stated 
with certainty what traces of drugs, if any, were 
present in the This was particularly un- 
fortunate, since such traces would undoubtedly 


stool. 
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Morphology and bionomics of holotrichous ciliate 


Table 1. Cultivation in human faeces 


Source 

Adult, healthy 
am 99 
” 9 
9° °° 


Adult, cured of amoebic 
dysentery 
Adult, Giardia infection 


Adult, Flexner’s dys- 
entery 

Adult, amoebic dys- 
entery 

Adult, amoebic dys- 
entery carrier 

? 

Adult, amoebic dys- 
entery 

Adult, acute amoebic 
dysentery 

Adult, amoebic dys- 
entery 


Adult, cured of amoebic 
dysentery 


Adult, Sonne dys- 
entery 
Adult, amoebic dys- 
entery 


Adult, ulcerative colitis 

Adult, acute 
dysentery 

Adult, pellagra 


amoebic 


Adult, acute amoebic 
dysentery 
Adult, acute amoebic 


dysentery 
Adult, ulcerative colitis 


Adult, diarrhoea 


Adult, undiagnosed 


Adult, diarrhoea 


? Nutritional diarrhoea 


Breast-fed infant 7 weeks 
old; healthy 


Temp. 


°C. 
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ro 
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wt 
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Undi- 


luted 


Results 


A 


Sub- 
culture 


Dilution 


Remarks 


Graduated dilutions 


Pus and blood in stool. Un. 
diluted sample dried up 
Very dry weather (ru. 

45%) 
Ammonium magnesium 
phosphate crystals 
Treated with penicillin; 
black faeces with blood 
fleck and FeS, crystals 
Entamoeba cysts in faeces 


Source unknown 


Mucus in stool; very dry 
weather 

Clots of blood and mucus 
in stool 

Stool mainly mucus with 
flecks of blood 
Pus and blood 
which dried up 


in stool 


Pus and blood in stool 
Stool mainly blood 


Much mucus in stool 

Trichomonas infection also. 
Untreated 

Trichomonas infection also. 
Untreated. Stool watery- 
blood and mucus only 
Blood-stained mucus with 
a little faecal matter 

Culture yielded B. aero- 

Stool mainly pus 
and mucus 

Stool contained much 
mucus and blood and 
evolved much gas 

No blood and little mucus. 
A=1-27° C. Bile present. 
Dilution tests 

Mucus but no blood. Di- 

Source un- 


gen es. 


lution tests. 
known 

A=1-3°C. Bile 
Dilution tests. Source un- 
known 


present. 


Mucus in stool 
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iave influenced the ability of the ciliate to multiply 
, the medium. Certain experiments were later 
arried out in order to determine the effect upon 
he reproduction of the ciliate of some of the drugs 
gost likely to have been present. 

The presence of ammonium magnesium phosphate 
systals in a stool may generally be taken to indicate 
that admixture of urine with the stool has taken 
jace. Later experiments showed that urine, even 
onsiderably diluted, is toxic to B. minutus; hence 
the ciliate would not be expected to grow in any 
tool so contaminated. 

In considering the results of the experiments set 
rth in Table 1, it becomes evident that B. minutus 
swell adapted to live in undiluted normal faeces, 
ud grows abundantly in this environment, as long 
the medium remains sufficiently moist for move- 
nent. Since, in four out of the five experiments in 
his group, the temperature and pH concentration 
iad the same value, and since, after the lapse of 
ihe same period of time following inoculation, the 
iliates showed varying concentrations, the different 
tool samples evidently varied somewhat in suita- 
tility as a medium. This is, no doubt, due to 
variation in the bacterial flora, both in quantity 
ind quality; and also to the nature and amount of 
the various food residues among different samples. 
such variations in the medium might be expected 
io be reflected in the degree of multiplication of the 
iliates, some substances and bacterial strains having 
i distinctly favourable effect upon growth, while 
thers may have been deleterious. In general, once 
the ciliates were established in normal undiluted 
heces, they continued to multiply for periods 
varying from 1 week to 10 days, occasionally longer, 
iterm to their active life being eventually set by 
the gradual drying up of the medium. When desicca- 
tion of the medium had advanced to a stage when 
movement, even of the amoeboid type, became im- 
possible, the ciliates passed into the unencysted 
sting stage, or actually became encysted. The 
mpidity with which the active forms made their 
appearance in some dried-up stools after addition 
f dilute Lemeo broth seems to point to an anabiotic 
condition, while the recovery of the ciliates from a 
stool in which desiccation had become complete 
uggested encystment (cf. Watson, 1944). 

That the normal stool is such a suitable medium 
for the growth and multiplication of a ciliate is not 
surprising, since the specimens of normal faeces 
sed for these experiments though of firm con- 
‘istency contained no less than 48 % of water. Thus 
they provided a medium not only exceptionally 
titch in food bacteria, but one through which B. 
minutus, with its power of almost amoeboid motion, 
could travel with ease. 

It might be expected that, since artificial dilution 
of the faeces is favourable to the growth of the 
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ciliates, a more fluid type of stool would also prove 
highly suitable for their growth. This, however, the 
experimental results show definitely not to be the 
vase. Not merely did B. minutus not grow in un- 
diluted soft or liquid diarrhoeic and dysenteric 
stools but, with one exception, it proved to be im- 
possible to recover it from the faeces by inoculating 
portions of them into dilute Lemco broth. This 
remarkable state of affairs, which was also noted 
by Hoare (1927) in his experiments on the growth 
of other coprozoic ciliates in various types of faeces, 
now became the next subject of investigation. 


(b) Inhibiting factors 


The failure of the ciliates to multiply, or even to 
survive in most cases, in the pathological stools is 
remarkable, since the greater fluidity of the latter 
might have been expected to favour their growth. 

In certain cases an ordinary simple ecological 
factor was obviously operating to inhibit the growth 
of the ciliates in the undiluted stools. Thus, in 
Exps. 7, 12, 13 and 18 (Table 1) the temperature of 
the laboratory, and therefore of the culture, was 
too high to permit any very rapid multiplication of 
B. minutus. The effect of this factor is also seen 
in Exp. 1, where there was no growth in the un- 
diluted stool, in which the organism generally grows 
well, and the only unusual feature was the rather 
high temperature. In the earlier paper (Watson, 
1944) on the effect of environmental factors in this 
ciliate, it was shown that reproduction is much 
slower at temperatures above 20° C. than at lower 
temperatures; moreover, in such a medium as un- 
diluted faeces, the enormous numbers of bacteria 
present, stimulated to more rapid reproduction by 
the higher temperature and no longer checked by 
the now more slowly reproducing ciliate, might well 
in themselves provide an inhibiting factor by pro- 
ducing lethal quantities of toxic waste-products. 

Again, in Exp. 8, ammonium magnesium phos- 
phate crystals occurred in the stool, indicating that 
it had become contaminated with urine, which, as 
will be shown later, is lethal to B. minutus. 

Hoare (1927) considered that pH concentration 
was sometimes a limiting factor, since certain of the 
stool samples in which he unsuccessfully attempted 
to grow coprozoic ciliates had a pH value as low as 
6-0 and possibly provided, therefore, too acid a 
medium. B. minutus, however, has proved to 
flourish in media considerably more acid and con- 
siderably more alkaline than any recorded speci- 
mens of faeces. In any case, since all the samples 
used in my experiments were either neutral or 
slightly alkaline, the effect of pH concentration did 
not arise in practice. 

The failure of B. minutus to grow in those un- 
diluted pathological stools, in which there was no 


142 


evidence that any of the above-mentioned environ- 
mental factors was exerting a harmful effect, was 
probably due to other factors some of which we 
shall now consider. 

(i) An unfavourable bacterial flora, which might 
either provide unsuitable food or lead to the ac- 
cumulation of toxic products in the medium. No 
experimental investigation of this supposed inhibit- 
ing factor was possible owing to the great complexity 
of the problem. Although a great deal of work has 
been done on the bacteriology of the intestinal 
contents and faeces exact knowledge is, as yet, still 
very scanty; and the enormous number and large 
variety of the micro-organisms which occur in the 
faeces makes an effective and accurate bacterio- 
logical examination of each sample a virtual im- 
possibility. That under normal circumstances the 
faecal bacteria, despite their stupendous abundance, 
are far from being a limiting factor to the growth 
of B. minutus, but, on the contrary, provide an 
ample and suitable food supply for the ciliate, is 
evident from its rapid multiplication in normal 
healthy faeces. 

(ii) The of abundant 
might possibly render the feeding mechanism of 
the ciliate ineffective. This factor was more readily 
susceptible to practical investigation. As has been 
already shown (Watson, 1944), B. minutus itself 
secretes mucus in the peristome in order to facilitate 
the retention of food particles, and it was thought 
that a high concentration of mucus in the surround- 
ing mediurh might interfere with the functioning 
of this mechanism. Accordingly, three tubes of 
pure human saliva, and three tubes of a strong 
solution of granular mucin (type 1701-W) were set 
up, and a small portion of normal faeces added to 
each tube to provide nutriment for the ciliates; 
zach tube was then inoculated with B. minutus. 
Three days later numerous active ciliates were 
present both in the mucus and in the saliva cultures, 
and a later a very high concentration of 
ciliates was still to be observed in 
Evidently, therefore, the mucus usually 


presence mucus, which 


week 
both sets of 
cultures. 
present in diarrhoeic and dysenteric faeces is not 
the reason for the failure of B. minutus to grow 
therein. On the contrary, like Lembus pusillus, 
B. minutus thrives remarkably well in a high con- 
centration of this substance. 

(iii) The effect of drugs. Tests were also made 
with some of the more commonly used of the 
numerous drugs employed in the treatment of 
dysentery, both bacillary and amoebic, as it was 
considered that traces of some of these may have 
been present in the dysenteric stool samples from 
cases in which the treatment administered to the 
patient was unknown. Since exact knowledge of 


the behaviour of these drugs in the alimentary 
canal and of the form in which traces of them may 
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appear in the faeces is lacking, and since no dat 
regarding the treatment of the original cases wer 
available, it was decided, with one exception, merely 
to investigate the effect of probable concentration 
of the drugs in normal cultures of the ciliate. The 
drugs selected for testing were emetine hydro. 
chloride, stovarsol, quinoxyl, bismuth carbonate 
and yatren. As bismuth carbonate is insoluble in 
water, this drug was administered in therapeuti 
doses to a human volunteer, and the faeces inocu. 
lated with the ciliate after passage. In other cases 
the ciliate was first subjected to the action of the 
drug in strong solutions, and attempts were sub. 
sequently made to cultivate it in dilute solutions, 
The effect of a 2% solution of sodium bicarbonate 
was also investigated, since such a solution is some. 
times administered to patients suffering from amoebic 
dysentery as a rectal injection in order to clear the 
bowel of mucus, and is also the vehicle for rectal 
administration of stovarsol. 

The results of these experiments are shown in 
Table 2. 

Since in Exp. 9 (Table 1) the patient had re. 
ceived treatment with penicillin, the effect of this 
drug on the ciliates was also tested. As no penicillin 
was available, a culture of Penicillium notatum on 
agar was inoculated with B. minutus in the usual 
way and a little sterile distilled water was added. 
After 3 days a very few ciliates were observed. At 
the end of a week the numbers of ciliates had in- 
creased somewhat but were still low, perhaps owing 
to lack of suitable bacterial food. Many individuals 
had ingested spores of the fungus, but whether these 
were actually forming the principal article of diet 
is not certain. 

As a result of these experiments it is clear that 
the drugs mentioned, even if not present in sufficient 
concentration to cause rapid death, have at least a 
depressing influence upon B. minutus and, unless 
very much diluted, effectually prevent the growth 
and multiplication of the ciliate. 

(iv) The occurrence of unusual constituents in 
the faeces, such as traces of enzymes and unaltered 
constituents of bile. Proteolytic ferments, such as 
trypsin, sometimes occur in pathological stools and 
would have a deleterious effect on the growth of 
coprozoic organisms. In healthy, normal stools, 
cholate of soda is the only representative of the 
bile salts, having been produced from the original 
glycocholate and taurocholate of soda during the 
passage of the intestinal contents through the 
bowel, largely under the influence of putrefactive 
organisms. If the intestinal contents pass rapidly 
through the large intestine, however, as is fre- 
quently the case in diarrhoea and dysentery, un 
altered bile salts may occur in the faeces. 

Since Wight (1926) has drawn attention to the 
fact that bile is exceedingly toxic to B. minutus, 





remarkin 
to disinte 
well wor 
to Cole ( 
bile from 
V 
B 


Exp. 


m © bo 


15 
16 
17 
18 
Note. | 
the drug 


The bile 
cholic ac 
to trace 
stituents 
Browder 
strated t 
Deschier 
low aco 
of Entan 
sufficien 
same in) 
shown t! 
for the | 
pigment 
lating ef 








0 data 
*S Were 
merely 
rations 
e. The 
hydro. 
bonate 
ible in 
peutic 
inocu. 
r Cases 
of the 
e sub. 
tions, 
bonate 
some- 
noebie 
ar the 
rectal 


wn in 


ad re- 
of this 
ricillin 
uM On 
usual 
vdded. 
cd. At 
ad in- 
owing 
iduals 
> these 
f diet 


r that 
ficient 
east a 
untess 
rowth 


its in 
Itered 
ich as 
s and 
th of 
tools, 
if the 
iginal 
g the 
1 the 
wctive 
pidly 
; fre- 
, un- 


o the 
ulus, 


J. M. Watson 


remarking that ‘the merest trace of bile causes it 
to disintegrate and die’, here evidently was a point 
yell worth experimental investigation. According 
to Cole (1928) the average composition of human 
bile from the gall-bladder is 


Water 86-0 
Bile salts 9-0 
Protein (mainly aia | 3.0 
Bile pigments : 
Cholesterol 0-2 
Lecithin and fat 1-0 
Inorganic salts 0-8 
100-0 
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The first step taken in this phase of the investiga- 
tion was to.apply Pettenkofer’s test to some of the 
faecal samples of a more liquid consistency, in order 
to determine whether or not bile salts were actually 
present. This was done in the samples from Exps. 27 
and 28 (Table 1), the only two liquid samples avail- 
able after the possible presence and toxic nature of 
the bile salts began to be suspected. In both cases 
the reaction was strongly positive. The next step 
was to set up a series of graduated dilutions of bile 
salts, starting with the concentration found in the 
gall-bladder, namely 9%, and ranging in small 
steps down to 0-0001 % and, after the addition of 


Table 2. Effect of drugs 


Exp. Drug Concentration 

1 “metine hydrochloride 65% 

2 = i 1-0 % 

3 a 0-1% 

4 it 1“ 0-01 % 

5 ” o 0-001 % 

6 Stovarsol in 2% sod. bicarb. 10% 

7 “0 ode 0-1 % 

8 » o 0-01 % 

9 Quinoxyl 10% 

10 = 0-1% 

ll - 0-01 % 

12 Sodium bicarbonate 20% 

13 Bismuth carbonate Undiluted 
faeces 

14 Diluted 
faeces 

15 Yatren 25% 

16 be 1-0% 

17 0-1% 

18 0-01 2 


Oo 


Result 


Instantaneous death 

Instantaneous death 

Death within 10 min. 

Death did not occur within the period of ob- 
servation (several hours) but no growth took 
place, the ciliates soon dying out 

No growth; ciliates died out 

Instantaneous death 

Instantaneous death 

Active growth 

No effect at first but movements 
gradually slowed down and they eventually 
died, 95 % being dead after 40 min. 

Ciliates still active after 2 hr. but 12 hr. later 
all were dead 
Active growth 
Death after 7 

Active growth 


of ciliates 


8 min. 


Active growth 


Death did not occur within several hours but 

{ no growth took place, the ciliates all dying 
out 

Active growth 


Note. In Exps. 4, 5, 8, 11, 15, 16, 17 and 18 a small quantity of Lemco broth was added to the dilute solution of 
the drug in order to provide nourishment for the food bacteria. 


The bile salts consist of the sodium salts of glyco- 
cholic acid and taurocholic acid. I have been unable 
to trace any work on the effect of bile or its con- 
stituents upon ciliates, apart from the papers of 
Browder (1915) and Robertson (1925), who demon- 
strated that cholesterol stimulates division. Dopter & 
Deschiens (1938a) have shown that bile, even in so 
low a concentration as 1: 1000, impedes the growth 
of Entamoeba histolytica in culture, while 10: 1000 is 
sufficient to kill the amoebae. Further work by the 
same investigators (Dopter & Deschiens, 19386) has 
shown that it is the bile salts which are responsible 
for the inhibiting properties of bile, while the bile 
pigments, on the other hand, have a slightly stimu- 
lating effect on growth. 





a small quantity of Lemco broth or faecal matter 
to provide the necessary nourishment for food 
bacteria, to inoculate each tube with B. minutus. 
The bile salt used was a mixture of sodium glyco- 
cholate and sodium taurocholate in the proportions 
in which they occur in human bile, and the necessary 
dilution was made, using sterile tap-water. The 
tubes were examined after 3 days, and it was found 
that a small number of active ciliates were present 
in the tube containing 0-08% of bile salts. In 
higher concentrations no living ciliates occurred, 
while in lower concentrations they were abundant. 

It is thus clear that, as in the case of Entamoeba 
histolytica, bile salts are toxic to B. minutus in as 
low a concentration as 1:1000; but that in lower 
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concentrations the ciliates are able to multiply 
without difficulty. Direct observation of the effect 
of the stronger solutions of bile salts upon the 
ciliates showed that in the case of the 9, 5 and 2-5% 
solutions death was literally instantaneous, the 
animals disintegrating on contact with the toxic 
solution like the bursting of a bomb. With the 
more dilute lethal solutions, namely 1 and 0-1%, 
the result is similar but the process is slower and 
its details can be observed. 

In order to be sure that the bile salts were actually 
the lethal factor in bile, a parallel series of experi- 
ments was carried out, using human bile in the 
same dilutions. The natural bile was found to be 
slightly but not significantly more lethal to the 
ciliates than the artificial solutions of bile salts; 
hence it may be assumed that the principal toxic 
factor in bile is actually the bile salts. 
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an osmotic pressure was almost instantly fatal to 
the ciliates, causing shrinkage and death in a matter 
of a few seconds. Thus this factor also probably 
operates to prevent growth of the ciliate in patho. 
logical stools. 

As a matter of interest, a series of graduate 
dilutions of pathological, abnormally liquid stools 
was prepared and inoculated with B. minutus in 
order to determine the exact degree of dilution 
necessary before the ciliate would be able to establish 
itself. For purposes of comparison, a parallel series 
of dilutions of a normal, formed stool was also made 
and inoculated with the ciliate. The results of this 
experiment are presented in Table 3. The sample 
cultures were examined after 3 days. 

Clearly, therefore, the abnormally liquid diar. 
rhoeic or dysenteric stool is so highly lethal to 
B. minutus that it must be diluted with at least 


Table 3. Cultivation in diluted stools 


Dilution 
= Wineries Depression of 
Sterile freezing-point °C, 
tap-water Stool 26 (from case Stool 28 (from case A. —, 
Faeces % Normal stool of diarrhoea) of diarrhoea) Stool 26 Stool 28 
100 Abundant active No living ciliates No living ciliates 1-23 1-30 
ciliates 
90 10 es ‘a 1-11 1-17 
80 20 ‘i o - 0-98 1-04 
70 30 ip os “< 0-86 0-91 
60 40 *9 ” 0-74 0-78 
50 50 * oo an 0-62 0-65 
40 60 o % ‘ 0-49 0-52 
30 70 A Small numbers of = 0-37 0°39 
living ciliates 
20 80 = Abundant active = 0-25 0-26 
ciliates 
10 90 an te Small numbers of 0-12 0-13 
living ciliates 
(v) High osmotic pressure. Cammidge (1914) two-and-a-half times its volume of water before 


remarks that one cause of abnormally fluid stools 
is the presence of salts which raise the osmotic 
pressure and so interfere with the absorption of 
water. 

Hence a higher osmotic pressure than normal 
might possibly be found in liquid stools. Accordingly, 
two samples of such stools in which B. minutus had 
failed to grow, namely those from Exps. 26 and 28, 
were selected for test and the depression of freezing- 
point determined for each by means of Beckmann’s 
apparatus. As may be seen from Table 1, the de- 
pression of the freezing-point proved to be 1-27° C. 
in the case of stool 26 and 1-30° C. in the case of 
stool 28; in both cases a rather high figure and 
indicating an osmotic pressure well above normal. 
Tests with solutions of sodium chloride, glucose 
and urea, prepared so as to be isotonic with the 
first of these stools, showed conclusively that such 


the ciliate is able to survive in it, and a considerably 
greater dilution, requiring the addition of from four 
to ten times the volume of water, is needed before 
active multiplication can occur. 

(vi) More thorough admixture of urine. It i 
clear that urine would mingle more readily and 
rapidly with a liquid than with a normal stool and, 
as will be shown later, urine is highly lethal to our 
ciliate. 

As a result of the experiments described above, 
it may be concluded that the inability of B. minutus 
to grow and multiply in pathological stool samples, 
especially those of unusually fluid consistency, ® 
due primarily to two factors, namely, the unusually 
high osmotic pressure of such stools, which cause 
plasmolysis, and the fact that in many cases, owilé 
to their unusually rapid passage through the m- 
testinal tract, they contain unaltered bile salts 
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shich are extremely toxic to the ciliate. Two factors 
f secondary importance may also serve to limit 
gowth, namely, the presence of drugs with a de- 
pressing influence on the ciliate, and the presence 
f urine which is highly lethal to the ciliate and 
shich mixes more readily with a liquid than with 
anormal stool. 


(c) Gut passage 


Since some coprozoic Protozoa can establish 
themselves in the faeces not only by direct con- 
amination of the stool, but also after passing 
through the alimentary canal, some experiments 
n the ability of B. minutus to pass through the 
mammalian alimentary canal in the encysted con- 
ition and to hatch out and develop in the faeces 
vere conducted. It was not considered likely that 
this would be the case, since it had already been 
shown (Watson, 1944) that viable cysts could not 
be induced to excyst after they had been exposed 
toa temperature of 37° C. for 24 hr., the ciliates 
apparently being rapidly killed within the cysts 
at the temperature of the mammalian body. 


Volume of Volume of 


However, the attempt was made to pass the 
cysts through the intestines of mice and to recover 
the ciliates from the faeces. Two mice, faecal 
ultures from which showed no coprozoic Protozoa, 
were used for this experiment. They were deprived 
if food for about 24 hr. and were then fed on small 
pieces of bread which had been smeared with 
“rapings from agar plate cultures containing a 
tith crop of cysts. Immediately the contaminated 
bread had been consumed the mice were transferred 
toa jar, the floor of which was formed by a platform 
of wire gauze on which the droppings could be 
wollected without admixture of urine, which passed 
through and was absorbed by sawdust beneath. 
The mice were then given their usual daily food 
tation of oats and bread. On each of the next two 
days the faeces of the mice were collected and ex- 
amined under the microscope, then suspended in 
sterile tap-water in deep plates. No cysts were 
detected in the faeces, and although the suspensions 
were kept for a month, no ciliates developed in 
them. On the other hand, abundant cultures were 
obtained in the course of a few days in faecal sus- 
pensions of these mice inoculated with the ciliates. 
The whole experiment was repeated a week later 
with the same result. 
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The lethal effect 


No immediate effect. 
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From the negative results of these experiments, 


and from the inability of the ciliates to excyst after 
exposure for 24 hr. to the temperature of the 
mammalian body, it may be reasonably inferred 
that B. minutus is not a ‘gut-passer’ (Darmpassant), 
but must always contaminate the faeces outside 
the body. 
minutus is similar to that of another coprozoic 
ciliate, Lembus pusillus (cf. Hoare, 1927). 


In this respect the behaviour of B. 


IV. THE EFFECT OF URINE 

of urine upon most Protozoa 
is well known, although some flagellates are, ap- 
parently, able to live and multiply in undiluted 
urine, e.g. Bodo caudatus (Sinton, 1912). 

That urine was fatal to Balantiophorus minutus, 
even in relatively low concentrations, was early 
observed in the course of this work, it being found 
that when the ciliates were inoculated into culture 
medium prepared from faeces contaminated with 
urine they ceased to multiply and soon died out. 
Moreover, in the undiluted stool in Exp. 8 (Table 1), 


Table 4. Effect of urine 


Result 


No immediate effect but 50% of ciliates dead in 10 min. and 
95 % dead in 45 min. 
No immediate effect. Eventual death within 48 hr. 


DI) 


Exp. urine culture fluid 
] 1 1-0 Instant death 
2 1 2-5 
3 1 5-0 
4 1 10-0 


Death within 72 hr. 


in which no growth of the ciliate was obtained and 
from which no ciliates could subsequently be re- 
covered in Lemco broth, the presence of ammonium 
magnesium phosphate crystals showed contamina- 
tion of the faeces with urine. A similar result was 
obtained with normal faeces contaminated with 
urine. 

In order to discover the concentration of normal 
urine required to produce death, a preliminary 
series of experiments was carried out, in which 
urine was added to flourishing faecal suspension 
cultures of the ciliate in varying proportions under 
the microscope, so that direct observation of the 
effects might be made. The results are set out in 
Table 4. As might have been expected, the in- 
dividual resistance of ciliates varied considerably, 
so that, as in the earlier experimental work on 
this species, it was necessary to use Doudoroff’s 
criterion of death (Doudoroff, 1936). 

In a second series of experiments the ciliates 
were inoculated into faecal suspensions made up 
with known mixtures of urine and sterile tap-water 
in varying proportions. These cultures were ex- 
amined after 7 days at laboratory temperature 
(14-16° C.) with the results shown in Table 5. 
Counts were made of the numbers of ciliates present 


Io 
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Table 5. Effect of urine on cultures 


Volume of sterile 


Exp. Volume of urine tap-water 
1 100 100 
2 50 100 
3 25 100 
4 10 100 
5 5 100 
6 2 100 
7 1 100 
8 None 100 


in each of the cultures containing active forms, the 
results showing clearly that urine has a depressing 
effect on reproduction in this species, even when 
present in sublethal amounts. 

In a third series of experiments, normal healthy 
faeces mixed with urine in various proportions were 
inoculated with the ciliates and examined after a 
week. Subcultures in dilute Lemco broth were also 
prepared from each mixture. 

Abundant ciliates were recovered from the lowest 
urine concentration (1%) but none from any of the 
others (2-100 %). 

The lethal effects so rapidly and conspicuously 
produced by urine were constant, no variation 
having been observed as between the effects of one 
sample of urine and another. It was clear, therefore, 
that the effect was due to some constant constituent 
or property of urine, and not to traces of drugs, 
enzymes or other substances with known lethal 
effects which might have been present from time 
to time. Of the possible causes of death I was able 
at once to dismiss one, namely unfavourable re- 
action, since the pH value of the urine used in these 
experiments varied little from 6-0, which, as has 
already been shown (Watson, 1944), is favourable 
to a high rate of reproduction. The appearance of 
the dead ciliates was highly characteristic, the body 
being distorted, shrunken and wrinkled, which led 
me to suppose that the second possible cause, 
namely osmotic pressure, was an effective lethal 
factor. 

In order to test this hypothesis, the osmotic 
pressure of the urine used was calculated from the 
depression of the freezing-point. 

The results agreed well enough with the known 
facts relating to the depression of the freezing-point 
of urine, which varies considerably with diet, volume 
of fluid taken, and other conditions. According to 
Cole (1928), for the mixed 24 hr. urine of a man it is 
usually about 1-2° C., while according to Starling 
(1941), in random samples it varies from 0-87 to 
2-71° C. Since the lethal effect showed no appre- 
ciable variation with the different urine samples 
used, it was considered satisfactory to adopt a 
mean value of 1-2°C. for further experimental 
tests. 


Result 
No living ciliates 


A few active ciliates 
Fair numbers of active ciliates 


” ” 


Abundant active ciliates 


Solutions of urea, glucose and sodium chloride 
isotonic with such urine were then prepared as 
follows: . 


Urea 39 g./litre 
Glucose 116 g./litre 
Sodium chloride 38 g./litre. 


The effect of these solutions on B. minutus was 
tested, and in each case the effect was identical 
with that produced by a control test with a 24 hr. 
urine sample, namely, rapid death accompanied by 
marked shrinkage and distortion. i 

It would appear, therefore, since with the possible 
exception of urea none of these substances is toxic 
in itself, that the lethal effect of urine is primarily 
a physical one, due to the fact that urine is a 
hypertonic solution. The urea and sodium chloride 
alone are sufficient to produce death by plasmolysis. 

Another possible cause was some toxic effect due 
to one or more of the urine constituents. Urine, 
however, is of variable composition, the quantity 
of each substance present and the degree of combina- 
tion and dissociation of the various constituent 
acids and bases being so uncertain, that any exact 
investigation into its toxic effects would be a long 
and complex task. Nevertheless, a few tests were 
made, and from the results of these and a careful 
consideration of the remaining constituents, fairly 
reliable conclusions may be drawn. 

Thus, urea, creatinine, sodium chloride and 
possibly ammonia may be assumed to be present 
in urine uncombined with other substances, and 
their effects could therefore be tested without 
difficulty. Hippuric acid is known to occur almost 
entirely as sodium hippurate. Uric, phosphoric and 
sulphuric acids are probably combined with the 
metallic elements (sodium, potassium, calcium and 
magnesium) as urates, phosphates and sulphates. 
Having regard to the amounts of acids and bases 
normally present in urine, the maximum quantity 
of each of these salts which could possibly be present 
was readily calculated, and quantities in excess of 
this were used in the test experiments, from the 
results of which it was clear that, with the exception 
of ammonia which was obviously highly toxic, most 
of the substances certainly known or likely to 
present in urine are not lethal or even mildly harm- 
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ful in the concentrations in which they normally 
occur, apart from those which are present in suffi- 
cient quantity to bring about osmotic disturbance. 
The free acids, by reason of their pH concentration, 
naturally bring about instant death, but as they 
are only present in combination under ordinary 
circumstances this effect would not be produced in 
urine. 

It must not be overlooked, however, that some 
of the electrolytes occurring in urine are probably 
partially ionized, that Frisch (1939), Badgley (1932) 
and EKisenburg-Hamburg (1932) have stressed the 
toxicity and complex effects of ions on Protozoa. 
The mechanism of ionic interchange between the 
protoplasm of the cell and the surrounding medium 
is exceedingly complicated and the permeability 
of the cell-membrane to different ions apparently 
varies according to other conditions, external and 
internal. Hence the results of the preceding experi- 
ments must be accepted with caution. 


J. M. Watson 
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to the genus Paramecium for studying toxins from 
the urine of scarlet-fever, measles and diphtheria 
patients. She found that ‘diluted urine’ (sic) had 
no effect on the Paramecia. I have not been able 
to repeat Tunnicliff’s experiments, since neither the 
dilution of the urine nor the species of Paramecium 
is stated, but a series of tests parallel to those carried 
out on Balantiophorus minutus was made, using 
Paramecium caudatum. It was found that P. 
caudatum was killed by lower concentrations of 
urine than Balantiophorus minutus, but that the 
effect was produced more slowly, the former taking 
upwards of 2 min. to succumb, while the latter 
succumbs instantly. Moreover, there was no dis- 
tortion of the body of Paramecium such as occurred 
with Balantiophorus, but bleb-formation took place 
some minutes after death. 

The toxicity of urine to Paramecium caudatum 
is thus not so obviously due to osmotic pressure, 
as was the case with Balantiophorus minutus. It is 


Table 6. Effect of urea and glucose 








Glucose Urea 

Depression ——— ——~— 5 r a“ ——————— 
of freezing- Concentra- Concentra- 

point tion tion 

aa 8 % Result % Result 

0-76 7-4 No living ciliates 2-5 No living ciliates 

0-61 6-0 Scanty living ciliates 2-0 ” ” 

0-46 4°5 Fair numbers of living ciliates 1-5 - 

0-31 3-0 Abundant living ciliates 1-0 Very scanty living ciliates 

0-16 15 a “ 0-5 « - 

0-08 0-75 ip - 0-25 se 

0-03 0-3 = a 0-1 9” ” 


Cutler, Crump & Dixon (1932) have remarked on 
the fact that urea has a depressing effect on most 
species of Protozoa. Since it was suspected that 
urea had this effect on the reproduction of the 
ciliates in concentrations much lower than those 
required to produce plasmolysis, their rate of multi- 
plication in dilute solutions of urea was investigated 
and compared with the reproduction rate in isotonic 
solutions of glucose. The results of these experi- 
ments, which are shown in Table 6, make it clear 
that urea has a pronounced effect in depressing the 
multiplication rate which cannot be attributed to 
osmotic pressure, and that this substance must 
therefore be considered to be toxic to the ciliates. 

Since in certain circumstances a solution of urea 
may slowly decompose, yielding ammonia, a sub- 
stance which is highly toxic to Protozoa, even in 
very great dilution, an accurate estimate was made 
of the quantity of ammonia present in the urea 
solution used, which was found to be only 0-003 %. 
This concentration was shown to be suitable for 
normal growth of the ciliates. 

In concluding this section, it is interesting to note 
that Tunnicliff (1928, 1929) used a ciliate belonging 


possible that its effect may be delayed, due to the 
thicker and less permeable pellicle of Paramecium, 
to its better powers of osmoregulation, and con- 
ceivably even to a higher concentration of solutes 
in the cell fluids. According to Frisch (1939) the 
pellicle of Paramecium is impermeable and, if this 
be true, the urine could only gain entry to the cell 
through the cytostome, a process which would take 
a longer time than diffusion through the surface 
of the body. In Balantiophorus, on the other hand, 
the pellicle is obviously permeable, since the urine 
causes instant plasmolysis. 

In Paramecium caudatum, therefore, it may be 
concluded that osmotic pressure may interfere with 
metabolism to a fatal degree, although not suffici- 
ently high to cause plasmolysis, the urine only 
entering the cell slowly through the cytostome. On 
the other hand, death in the higher concentrations 
of urine may be due to ammonia, already proved 
lethal to Balantiophorus minutus, and which is 
possibly the toxic substance referred to by Tunni- 
cliff. 

In the circumstances, the use of ciliates as test 
animals for the presence of toxins of urine should 
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be regarded with caution, until a very exact study 
of their reaction to normal urine has been made. 
V. OSMOTIC EFFECTS 
The susceptibility of Balantiophorus minutus to the 
effects of a raised osmotic pressure is indicated by 
the fact that not only its inability to grow in some 
diarrhoeic and dysenteric faeces, but also the lethal 
effect of urine upon it, have been shown to be due 
to the hypertonic effect of these media. 

This matter was, therefore, investigated further 
with a view to determining the limiting osmotic 
pressure which this ciliate is able to withstand. 
Accordingly, three series of experiments were set 
up, consisting of graded dilutions of the salt solu- 
tion isotonic with urine which had already proved 
lethal to the ciliate (3-8%). The experimental 
solutions had a small quantity of Lemco broth 
added to provide nutriment for the food bacteria, 
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from the depression of the freezing-point of the 
undiluted stool), it may be seen that osmotic 
pressure is not the only limiting factor, since, were 
that the case, abundant growth of ciliates should 
be obtained up to 40 % concentration of both stools 
and scanty growth in 50% concentration, even 
supposing the depression of the freezing-point to 
be entirely due to non-electrolytes, which is prob. 
ably not the case. In the absence of more precise 
information about the presence of drugs in these 
stools, and in the light of the evidence already re. 
counted, it may, perhaps, be fairly concluded that 
the presence of bile was the additional limiting 
factor. 

The degree of osmotic pressure which free-living 
freshwater ciliates are able to withstand varies, 
and many species, after a period of acclimatization 
in solutions of gradually increasing concentration, 
are able to withstand much stronger solutions of 
salts than formerly. Many investigators have dealt 


Table 7. Effect of osmotic pressure 


Concentration of 


Depression of 


Degree of dilution solute freezing-point 
% % m0; Results 
90 3-42 2-16 No ciliates 
80 3-04 1-92 ” ” 
70 2-66 1-68 ” ” 
60 2-28 1-44 Very scanty living ciliates 
50 1-90 1-20 Scanty living ciliates 
40 1-52 0-96 Abundant living ciliates 
30 1-14 0-72 ”” ” 
20 0-76 0-48 ss ” 
10 0-38 0-24 ” * 
5 0-19 0-12 % ” 
24 0-10 0-06 m " 
1 0-04 0-02 a " 


and were examined 7 days after inoculation. The 
results of these experiments are shown in Table 7. 

It is evident, therefore, that the limiting osmotic 
pressure which B. minutus can withstand for a 
prolonged period is represented by a solution of a 
non-electrolyte with a depression of the freezing- 
point of about 0-60° C. or by a solution of an electro- 
lyte with a depression of the freezing-point of 
1-2° C. (represented by 1-9 °% sodium chloride solu- 
tion). In other words, the limiting osmotic pressure 
is about 6000 mm. Hg or about 8 atmospheres. 

From this result a most interesting conclusion 
may be made with regard to the inability of the 
ciliate to live in undiluted diarrhoeic or dysenteric 
faeces. If the results presented in Table 3 be re- 
examined, it will be seen that B. minutus was not 
able to survive in any greater concentration of stool 
26 than 30%, nor in any greater concentration of 
stool 28 than 10%. But, upon comparing the 
osmotic pressure of the various dilutions (calculated 


with this question and, in general, it would seem 
that free-living freshwater ciliates are able to with- 
stand less than 1% NaCl if they are katharobic or 
oligosaprobie forms, while mesosaprobic and poly- 
saprobic types are able to withstand up to 1-5 %NaCl, 
while forms of which marine strains exist are able 
to withstand up to 3% NaCl. 

B. minutus, therefore, by comparison with other 
free-living freshwater ciliates, is somewhat more 
resistant to hypertonic solutions than is usual, even 
among polysaprobic forms, being able to survive 
for a week in just over 2% NaCl, and to thrive in 
just over 1-5% NaCl. Under the circumstances | 


am bound to disagree with Wight’s (1926) state- 
ment that it will grow ‘so long as there is an absence 
of salt in appreciable quantity’. 

Since the depression of the freezing-point of 
blood is about 0-55° C. (Cole, 1928), equivalent to 
0-85 % NaCl, of normal faeces 0-12° C., equivalent 
to 0-19% NaCl, as determined experimentally on 4 
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random stool from a healthy individual by Beck- 
mann’s method, it follows that osmotic pressure is 
in itself no bar to the adaptation of a free-living 
form to a parasitic existence, as has frequently been 
suggested. Indeed, Lwoff (1924) has shown that 
the free-living ciliate Glaucoma pyriformis, when 
inoculated into the caterpillar of Galleria mellonella, 
leads a parasitic existence, reproduces actively and 
brings about a fatal infection; while MacArthur 
(1922) discovered larvae of Theobaldia annulata 
already infected with this ciliate, and Treillard & 
Lwoff (1924) found a similar infection of larvae of 
Chironomus plumosus. 


VI. DISCUSSION 


The number of recorded species of coprozoic Protozoa 
is very limited, (cf. Alexeieff, 1917, 1929; Wenyon, 
1926), since only polysaprobic forms capable of 
movement in a viscous medium can grow in faeces. 
Moreover, among the well-known coprozoic forms, 
ciliates appear with relative infrequency, for although 
there are many polysaprobic species, few of them 
are capable of movement in a semi-solid mass of 
faeces. Balantiophorus minutus, however, like 
Lembus pusillus, is well adapted to life in such a 
medium, not only by reason of its predilection for 
decaying organic matter and its ability to live as a 
facultative anaerobe, but also by reason of its 
power of amoeboid movement which enables it to 
creep and burrow through the viscid mass. 

Some authorities have limited the term ‘coprozoic 
Protozoa’ to those forms which, like Copromonas 
subtilis and Helkesimastix faecicola, reach the faeces 
by passing through the alimentary canal in the 
encysted condition, but it is generally accepted, 
since the work of Alexeieff (1917, 1929), that forms 
which reach the faeces after the stool had been 
voided and are able to multiply in them must also 
be considered to be coprozoic Protozoa. To this 
latter group Balantiophorus minutus clearly belongs, 
as has already been demonstrated by the experi- 
ments described earlier. Thus, our ciliate must have 
reached the original stool, which was the source of 
the cultures used in this work, in one of the follow- 
ing ways: (i) by the use for the collection of the 
stool of a bed-pan which had been rinsed out with 
ordinary tap-water; or (ii) by dilution of the faeces 
after passage with non-sterile tap-water or saline; 
or (ili) by contamination of the stool sample with 
airborne cysts during a period of exposure. 

The first of these three alternatives is the most 
likely, since B. minutus is known to occur in tap- 
water occasionally (Wight, 1926). That it is not a 
more frequent method of contamination of faecal 
samples with coprozoic Protozoa in general is prob- 
ably due to the fact that most of the Protozoa 
which occur in tap-water are katharobic or oligosa- 
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probic forms, constitutionally incapable of develop- 
ing in a stool, whereas polysaprobes—potential 
coprozoa—are but rarely found there. 

One remarkable fact which has emerged from 
the work described in the preceding pages is the 
inability of B. minutus to live in abnormal stools 
from diseased individuals, especially in the stools 
of more fluid consistency from cases of diarrhoea 
and dysentery. It might have been expected that 
a more fluid consistency would favour the develop- 
ment of the ciliates, but the contrary was found to 
be the case. Investigation showed that this was 
due to a combination of factors, the most important 
of which proved to be a raised osmotic pressure and 
the presence of unaltered bile salts, which are highly 
toxic to the ciliate. Thus, B. minutus proved to be 
less well adapted to a coprophilic existence than 
Lembus pusillus, since the latter did succeed in 
establishing itself in a certain number of abnormal 
stools, but better adapted than forms like Uronema 
nigricans and Cyclidiwm glaucoma which only grow 
well in faeces after dilution. 

Undiluted urine having been shown to be highly 
lethal to Balantiophorus minutus and to Paramecium 
caudatum, it may be seriously doubted whether 
ciliates are ever able to establish themselves in any 
medium containing a high proportion of this sub- 
stance. Since under natural conditions faeces fre- 
quently become mixed with urine, this factor 
probably operates in nature to limit the occurrence 
of coprozoic ciliates. That coprozoic flagellates are 
not so sensitive to this substance has been shown 
by Sinton (1912), who was able to grow Bodo 
caudatus in stale urine, and this fact probably 
accounts for their more frequent occurrence in stale 
stools and faecal cultures (vide Alexeieff, 1929; 
Woodcock, 1916). With regard to amoebae, no 
satisfactory evidence seems to exist, but in view 
of the regularity with which certain coprozoic 
species appear in stale stools, it may be concluded 
that they also are probably more resistant to the 
effects of urine than ciliates. 

One of the most important points with regard 
to any coprozoic protozoon is the possibility which 
exists of mistaking it for or confusing it with a 
genuine parasitic form. It has already been pointed 
out by Hegner & Andrews (1930) and others that 
the simplest method of distinguishing a coprozoic 
from a parasitic form is by allowing the stool 
sample, or cultures prepared from it, to stand at 
laboratory temperature for a few days, when a 
true parasite will decrease in numbers and eventu- 
ally die out, whereas a coprozoic form will increase 
in numbers and become abundant. In this respect 
Balantiophorus minutus behaved exactly like a 
coprozoic organism. The data concerning B. minutus 
throws light on the nature of one species, alleged 
to be a human parasite, namely Balantidium 
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minutum Schaudinn. This organism, originally de- 
scribed by Jakoby & Schaudinn in 1899 from the 
stools of a patient suffering from diarrhoea, has 
since only been encountered on a few occasions, 
and each time in circumstances pointing most 
clearly to the fact that it is a coprozoic, but not a 
parasitic form. Wight (1926), indeed, specifically 
refers to the confusion that exists and states that 
Balantiophorus minutus has been frequently mis- 
taken for and identified as Balantidium minutum. 
The close similarity between these two organisms 
and their probable identity is dealt with elsewhere 
(Watson, 1945). 

It has already been shown (Watson, 1944) that 
Balantiophorus minutus is a characteristic member 
of the soil fauna. Since, on the evidence presented 
in this paper, it is clearly also a coprozoic form, it 
is interesting to note that almost all known copro- 
zoic Protozoa are also members of the soil fauna. 
This connexion is evidently due to the fact that, 
under natural conditions, faeces are usually de- 
posited upon the surface of the soil, becoming dis- 
seminated within the soil under the action of 
meteorological factors, such as rain, or agricultural 
operations, such as manuring. 

In conclusion, it may not be out of place to point 
out the relationship obtaining between coprozoic 
Protozoa the protozoan fauna of sewage. 
Under the conditions of civilized existence, human 
faeces are generally collected and purified by some 
system of sewage disposal and it is, therefore, not 
surprising to find that most of the well-known 
species of coprozoic Protozoa have also been re- 
corded from sewage (Lackey, 1925; Frye & Becker, 
1929; Barker, 1942, 1943; and others). As far as 
I am aware, however, B. minutus has not been 
specifically identified and recorded from sewage, 
but Lackey (1925) has figured and described an 
organism which he doubtfully refers to the genus 
Colpidium, but which is probably our ciliate. Con- 
fusion with other species, due to the difficulty of 
differentiating it from certain other ciliates (ef. 
Watson, 1940, 1944) probably accounts for the 
absence of sewage records of B. minutus. 


and 


VII. SUMMARY 


An account is given of the coprophilic habits of the 
holotrichous ciliate, Balantiophorus minutus Schew., 
and of the effect upon it of urine. 

Experiments are described in which attempts 
were made to grow the ciliate in a wide range of 
human faeces of varying consistency and from both 
normal and diseased subjects. Abundant growth 
was obtained in normal faeces, both before and 
after dilution; but no growth took place in the un- 
diluted faeces of softer or liquid consistency from 


Morphology and bionomics of holotrichous ciliate 


various cases of intestinal disorder, even dilution 
frequently failing to render these a suitable medium, 
Moreover, the ciliate could not be recovered from 
such abnormal faeces by subculturing. 

This behaviour was due to two primary factors: 
(1) the high osmotic pressure obtaining in liquid 
stools which causes plasmolysis of the ciliates, and 
(2) the presence in the stools of unaltered bile salts, 
owing to the rapid passage of material through the 
intestinal tract. It was demonstrated that bile 
salts, even in very low concentrations, are highly 
toxic to B. minutus. Two secondary factors probably 
also serve to limit growth, namely, the presence of 
drugs with a toxic or depressing effect on the ciliate, 
and the presence of urine, which 1s not only highly 
lethal but also mixes more readily with a liquid 
than with a normal stool. 

It was shown that the lethal action of urine upon 
the ciliate was due primarily to osmotic pressure, 
and, to a lesser degree, to the toxic effect of ammonia 
sometimes present in the urine. It was demon- 
strated that a concentration of urine as low as 5% 
inhibited multiplication in ordinary cultures, while 
as little as 1% prevented growth when admixed 
with normal faeces. It was further shown that urea 
has a depressing effect upon the reproduction of 
B. minutus. Paramecium caudatum was shown to 
be also susceptible to the lethal effect of urine. 

Investigation of the effect of hypertonic solutions 
has shown that the limiting osmotic pressure which 
B. minutus can withstand for a prolonged period 
is represented by a solution of non-electrolyte with 
a depression of the freezing-point of about 0-60° C., 
or by a solution of an electrolyte with a depression 
of the freezing-point of 1-2°C. (represented by 
1-9 % sodium chloride solution) which is equivalent 
to about 6000 mm. Hg (8 atmospheres). It was 
also shown that osmotic pressure is not the principal 
limiting factor to the growth of the ciliates in such 
stools. The ability of other ciliates to live in hyper- 
tonic solutions is discussed and the conclusion is 
reached that B. minutus is more resistant than is 
usual among freshwater forms. 

Experiments carried out on mice established that 
the cysts were incapable of passing through the 
mammalian alimentary tract and developing in 
the faeces after passage, so proving that B. minutus 
is an exogenous coprozoon. 

It is concluded that (i) only polysaprobic Protozoa 
capable of movements in a viscous medium can lead 
an existence in undiluted faeces; (ii) under natural 
conditions urine probably acts as a limiting factor 
to the development of coprozoic ciliates in faeces; 
(iii) coprozoic Protozoa are derived from the soil 
fauna and have in turn largely contributed to the 
sewage fauna. 
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A NOTE ON AN UNUSUAL MALE TICK FROM GLAMORGAN 


By D. R. ARTHUR, M.Sc., ano E. E. EDWARDS, D.Sc., Advisory and Research Dept. 
in Agriculture, University College, Cathays Park, Cardiff 


(With 6 Figures in the Text) 


During the course of investigations into the distribu- 
tion and seasonal activity of the tick, Ixodes ricinus 
L., in South Wales (Edwards & Arthur, 1945), a male 
tick was recovered which on examination was found 
to be a member of [xodoidea, but which differed from 
the normal male of J. ricinus L. It was recovered from 
Margam Moors (Glamorgan, South Wales) by one 
of the writers (D.R.A.) in 1945, whilst dragging a 
blanket over rough vegetation, a method previously 
employed by MacLeod (1932) for the recovery of 
ticks from grassland. This is the only specimen of its 
kind which has been found, despite the examination 
of several thousands of males during the past three 
years. It has therefore been considered desirable to 
place on record a description of the form. When 
placed in a tube containing ten unfed females of 
I. ricinus, no mating occurred. Under similar condi- 
tions a typical male of this species mated with one 
unfed female within 7 minutes of its introduction. 

The following is the description of the male: 

Dorsal (Fig. 1). Body narrow in front, wide at 
level of spiracle, 2-14 mm. long by 1-07 mm. wide; 
scutum light brown, not glossy, finely punctate 
with numerous long white hairs. Length of seutum 
1-67 mm., breadth 0-93 mm. (Average dimensions 
in I. ricinus 1-8 mm. x 1-1 mm. (Nuttall, Warburton, 
Cooper & Robinson, (1911).) Cervical grooves very 
superficial, commencement of lateral grooves faintly 
indicated. Scapulae bluntly rounded, emargination 
Marginal fold marked and bearing a 
number of setiferous tubercles. 

Venter (Fig. 2). Genital orifice large, located 
between coxae IIT; anus one-third of distance from 
posterior margin of body to coxae IV. Pregenital 
plate roughly breadth, 


moderate. 


rectangular, length to 


1-74: 1-0. Median plate roughly pentagonal with 
greatest lateral extension posteriorly, length to 
breadth, 1-22: 1-0. Anal plate with lateral margins 
diverging, maximum length to breadth, 1-07: 1-0, 
Spiracles, large, oval with long axis directed for. 
wards, breadth 0-26 mm., length 0-29 mm. with 
macula anterior. Capitulum (Fig. 3) 0-55 mm. long, 
base trapezoid, broader in front, slightly convex 
behind, no cornua. Hypostome has six marginal 
teeth, increasing in length from apex to base, con- 
nected laterally by crenulations, two large basal 
teeth ventrally. Digits of same form as in J. ricinus 
male, length 0-14mm., breadth at widest ends 
0-07 mm. (Fig. 4). Palps broad, article 2 impressed 
dorsally, with respective lengths and breadths of 
articles 1, 2 and 3 as 0-035, 0-16 and 0-17 mm; 
0-05, 0-15 and 0-14 mm. 

Legs (Figs. 5, 6) moderately long, pale brown of 
uniform coloration, coxa I and with large process, 
spinose in character and overlapping coxa II, 
length of spine 0-11 mm., with slight external tooth. 
A single external conical tooth on coxae II to IV; 
the postero-internal angles of coxae II and III are 
sub-dentate. Tarsi long, tapering distally. The ratio 
of length and breadth of legs I and IV are presented 
below. 


26-2 : 30-3 : 25-9 : 56-0. 


Leg I: : 
7: 15-8: 15-1: 14-5: 12-0. 


Length: 


18:1:9 
Breadth: 2- 


19-4: 1 


: 17-0: 34-0 : 35-5 : 29-1 : 47-5. 


Leg IV: Length: 17- 
] : 18-1 : 13-0: 13-4: 13-7 : 9-9. 


Breadth: 


The authors are indebted to the Agricultural 
Research Council for a grant towards the studies 
on the tick. 
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0-038 mm. 
Fig. 1. Male tick from Margam Moors. Dorsal aspect. Fig. 4. Male tick. Digit. 
Fig. 2. Male tick from Margam Moors. Ventral aspect. Fig. 5. Male tick. Internal view of first leg. 
Fig. 3. Male tick. Right half of capitulum. Fig. 6. Male tick. Internal view of fourth leg. 


b.c. basis capituli; d.r. dorsal ridge; H. hypostome; P1—P4, Ist- 4th articles of palp. 








[ 154 ] 


THE FEEDING MECHANISM OF IXODES RICINUS L. 


By D. R. ARTHUR, M.Sc., From the Department of Agricultural Zoology, 
University College, Cathays Park, Cardiff 


(With 15 Figures in the Text) 


I. INTRODUCTION 


The capitulum of Ixodid ticks has been studied by 
numerous workers, principally by Nuttall, Cooper & 
Smedley (1905), Bonnett (1907), Nuttall, Cooper 
& Robinson (1908), Nordenskiéld (1908, 1909), 
Samson (1909), Patton & Cragg (1913) and Ruser 
(1933). Even so, the feeding mechanism in a large 
number of species still remains improperly under- 
stood and as a contribution in this respect the 
present paper on the apparatus in Ixodes ricinus L. 
has been communicated. Whilst there is general 
agreement with the method of cheliceral incision, 
the actual apparatus involved in feeding in the 
majority of species has not been described. Nuttall 
et al. (1908) arrived at the conclusion that the 
mouth opening in Haemaphysalis punctata, Can., 
and Fan., ‘is not visible on external examination, 
being concealed between the median hypostome 
ventrally, the palpi laterally and the paired chelicerae 
dorsally’. 

A new light on the feeding mechanism was given 
by Sen (1934, 1935) in the Argasid tick Ornithodorus 
papillipes, Birula (O. crossi Brumpt) where the 
presence of a ‘sucking-stylet’ was observed and 
described. Among the Ixodid ticks, Amblyomma 
hebraeum, A. gemma and Rhipicephalus evertsi Sen 
(1935) found similar stylet-like processes, but un- 
fortunately during his investigations he was unable 
to obtain living specimens, and this necessitated 
teasing out the entire capitulum of preserved 
material. The long filamentous process, termed by 
Sen the ‘stylet’, was found buried in the cleft of 
the hypostome, presenting a lacerated and de- 
formed appearance so that a detailed study of its 
morphology was postponed. This work led the 
present author to seek for the presence of a similar 
structure in Ixodes ricinus. More recent work by 
Bertram (1939) on the capitulum of two species of 
Ornithodorus has suggested a new interpretation of 
the work by Sen, a matter discussed later in this 
paper. 


2. MATERIALS AND METHODS 


Living specimens of the ticks were obtained from 
two sources. Unfed ticks were obtained from grass- 
land by ‘blanket dragging’ the vegetation at Mar- 


gam Moors, Glamorgan, in 1944-45, on the basis 
suggested by Milne (1943); and replete and partially 
replete ticks were removed from cattle on a tick- 
infested farm at Pyle, Glamorgan. 

When embedded in the host skin the ticks become 
completely immobilized, thereby making their re- 
moval with the capitulum intact difficult. This was 
overcome by applying a tick irritant at the point of 
attachment of the tick to the host. For this purpose 
vaseline or very salty lard was used, a method 
originally suggested by Ewing (1929). The applica- 
tion of these substances has the double value of 
irritating the tick and of softening the skin about 
the attached part of the ‘proboscis’. Should the 
tick not detach itself, a gentle pull in the reverse 
direction from that indicated by the position of the 
tick itself is generally effective. This prevents the 
breaking off of the mouth parts. 

For the examination and dissection of the capi- 
tulum the ticks were killed by immersion in boiling 
water, decapitated in normal saline solution and 
washed with three changes of salt solution to re- 
move adherent debris and blood. Dissection was 
undertaken under the binocular microscope, using 
a very fine pair of micro-needles. The practice 
adopted by Sen (1935) of flushing the mouth parts 
with water by means of a pipette, for the removal 
of extraneous matter, proved admirable. The mouth 
parts, buccal chamber and pharynx, after dehydra- 
tion in 30, 50, 70, 90% and absolute alcohol (two 
washings) were cleared in clove oil and mounted in 
Canada balsam. 

For cutting sections of the tick the triple em- 
bedding method suggested by: Eltringham (1930) 
was found to be satisfactory. The parts, previously 
stained with a 0-05 % eosin in aqueous solution, are 
dehydrated with gradually increasing strengths of 
aleohol, immersed in a 50% mixture of clove oil 
and alcohol and finally in pure clove oil for 1 hr. 
The capitulum is then placed in a saturated solution 
of celloidin in clove oil for 2 days. The object is 
removed and placed in a drop of celloidin-clove oil 
on a wax-covered cover slip. The cover slip is lifted 
with forceps so that the object in the drop hangs 
down and is lowered gently into chloroform in 4 
watch glass. A second bath of chloroform is in- 
variably necessary to remove the colour of the clove 
oil. The small mass of celloidin is then transferred 
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toa weak solution of celloidin in ether and alcohol, 
the celloidin evaporated, poured into a mould, 
hardened and impregnated with paraffin wax. 

For the study of the softer parts, e.g. the buccal 
chamber, Carnoy’s fixative was used, Duboscq- 
Brazil solution and picrochlor-acetic fixative were 
aso employed with some success. For staining, 
water-soluble eosin proved admirable. The sections 
were cut 104 thick. Most of the work has been 
done on female ticks, but some males and nymphs 
have also been employed. No marked morphological 
differences have been observed in these stages. 

The figures have been drawn by camera lucida, 
and no attempt at reconstruction or schematiza- 
tion has been undertaken as this often leads to 
misconceptions. 


3. THE CAPITULUM OF IXODES RICINUS L. 


The capitulum of J. ricinus is similar in its general 
appearance to that of other Ixodid ticks, but it is 
necessary to present a brief account of its associated 
parts to understand certain details of structure in- 
volved in feeding. The capitulum of the female is 
about 800 in length, and in the male it is 500 ~ long 
with a pentagonal base, parallel sides and a concave 
posterior border. Slight auricular ridges occur on 
its ventral surface. The porose areas are piriform, 
the broader ends being internal and situated near 
the posterior border, with the iriterval between 
these areas equal to their lesser diameter. 

The mouth parts (Fig. 1) comprise a median 
ventral hypostome (hyp.) flanked on each side by 
a four-segmented palp (p.). Dorsally there is a 
pair of long sub-cylindrical shafts of the chelicerae 
ch.), the ‘mandibles’ or ‘pseudo-chelicerae’ of 
some authors. 

(i) The hypostome is long with roughly parallel 
ides, dentition 3/3 with about ten sharp teeth per 
file, of which the external ones are the stronger. 
The apex is flattened without cornua and is thus 
il-adapted for the penetration of the host skin. 
Ventrally the hypostome is convex, while dorsally 
itis slightly concave (Figs. 6-8), the concavity being 
wcentuated by a shallow groove (hyp.g.) in the mid- 
line and by slight dorso-lateral extensions of the 
lateral margins (Fig. 7). This groove is continued 
posteriorly along the ventral basis capituli as the 
typostomal gutter (Fig. 10, hyp.gt.). 

From the lateral and ventral walls of the hypo- 
‘tome, dilator muscles (d.m.g., Figs. 9, 10) originate 
ind are inserted on the walls of the hypostomal 
futter (hyp.gt.), such muscles being limited to the 
wne figured. From sections it appears that the 
‘ypostomal gutter is subject to movement so that 
the relaxation of these muscles closes the groove. 
Contraction results in the formation of a V-shaped 
fwrow, which, presupposing the flexibility of the 








D. R. ArtHur 





155 


hypostome distal to the hypostomal gutter (see 
Bertram (1939)), would modify the contour of its 
dorsal surface. In the absence of longitudinal 
muscles, no retraction of the hypostome is possible, 
hence it would appear that this organ serves two 
purposes, acting as a means of attachment and also 
possibly forming part of the suctorial mechanism. 

(ii) The palps are located on each side of the 
hypostome, arising from the lateral margins of the 
basis capituli (b.c.). Each palp consists of four 
articles, the fourth being reduced to a small hair- 
crowned papilla lying in a depression on the apex 
of article 3. They are but slightly longer than the 
hypostome in the female, but in the male this 
difference is more exaggerated. 

(iii) Structurally each chelicera is formed of a 
shaft enclosed within an inner and an outer sheath 
(o.sh.ch. and i.sh.ch., Figs. 7, 8, 9) and bears at its 
apex a denticulate digit. Proximally the chelicera 
is expanded to form a bulbous base lying within 
the cavity of the basis capituli, projecting into the 
body cavity and overlying the pharynx (ph., Figs. 
11-14). When retracted the bases of the chelicerae 
are in line with the third pair of coxae but when 
extended they are in line with the second pair. 

Each digit (Fig. 2) is composed of (i) an ‘internal 
article’ (int.art.) bearing a ‘dorsal process’ (d.p.) 
which is non-articulate; and (ii) an ‘external 
article’ (ext.art.) which articulates with the internal 
article on its outer side. Surrounding the digit and 
leaving only the dens exposed is a membranous 
covering, known as the ‘hood’ (h.) which has its 
origin on the cheliceral shaft. Movement of these 
digits is limited to the medio-lateral plane and is 
brought about by the flexor (f.t.) and extensor (e.t.) 
muscles which originate in and occupy the proximal 
base. 

The chelicerae are retracted by a pair of stout 
muscles that are inserted into the posterior ex- 
tremities of the shafts. These muscles pass postero- 
dorsally, and are attached to the ventral surface 
of the dorsal cuticle slightly posterior to the seutum. 
By gentle pressure at this point, it is possible to 
force out the chelicerae to their maximum extension, 
when they exceed the length of the hypostome. 
Protrusion under natural conditions is effected by 
the general contraction of the dorso-ventral body 
muscles, the resulting pressure within the body- 
cavity forcing the chelicerae out through their 
sheaths. Further movement is prevented by the 
bulbous base coming in contact with that portion 
of the basis capituli which forms a common foramen 
around the two cheliceral shafts. Movement in a 


horizontal plane is prevented by the close apposition 
of their basal portions. It is possible, however, for 
the denticulate apices to move in a medio-lateral 
horizontal plane, and in 14-3% of the ticks re- 
moved from cattle this divergence was apparent. 
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Sharif (1928) has suggested the possibility that the 
first incisions in the skin are, as a rule, made by the 
denticulate cheliceral digits, and that through the 
incisions thus made the hypostome-cheliceral com- 
plex is inserted. An examination of several hundreds 











0-17 mm, 


3 


Fig. 1. 
Fig. 2. 


of unfed females from grassland has shown that the 
chelicerae are nearly always (97% of the cases ex- 
amined) retracted, and are less than half the length 
of the hypostome. 

Many authors, including Railliet (1895), Mac- 


The feeding mechanism of Ixodes ricinus 





I. ricinus, female; capitulum, dorsal aspect; both chelicerae protruded. 

I. ricinus, female; digit, dorsal aspect. 

Fig. 3. J. ricinus, female; dissection of hypostome and pharynx together, showing stylet- 
like process in situ, with pharyngeal orifice indicated by dotted lines. 

Fig. 4. I. ricinus, female; stylet-like process dissected from capitulum. 

Fig. 5. I. ricinus, female; transverse section through the middle portion of the pharynx. 


Queen (1905), Braun (1915), Rivas (1920) and 
Brumpt (1927), have considered the chelicerae, 
because of their function as cutting organs, to be 
homologous with the mandibles of blood-sucking 


organs, but Sen (1935) is of the opinion that the 
h. 
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-+---int.art. 
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resemblance is closer to that of the labrum-ep 
pharynx of insects. . 

The haemocoele of the body is continuous wit 
the cavity of the basis capituli, and extends to th 
distal extremity of each of the five mouth parts. 
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4, THE STYLET-LIKE PROCESS 


The stylet-like process, the tongue-like process of 
Bertram (1939), the ‘stylet’ of Sen (1935)—referred 
olater by the same author as the ‘organ’ (1937)— 
frms a part of the buccal apparatus of ticks which 
in a number of species has hitherto been incom- 
jletely described and whose functional significance 
jas been subject to varying interpretations. In 
|. ricinus L. Samson (1909) described the extension 
f the floor of the buccal cavity as an elastic 
membrane (‘elastiche platte’), but as a result of 
the present investigation the description of this 
structure requires revision and amplification. 

When viewed dorsally it is a triangular-shaped 
tructure (Figs. 3, 4) which is attenuated distally 
and which, even under a low magnification, appears 
‘o terminate in a square end. The stylet-like process 
it.p.) extends to nearly a third of the length of the 
lypostome and overlies the hypostomal groove. 
There is a clearly visible lumen, the bore of which, 
vhen compared with the thickness of the wall, is 
rlatively wide and in both sections and dissections 
appears to be closed at its anterior extremity. The 
atire organ measures in length about 390 and 
listally is about 5-7 in diameter. The dorsal wall 
ifthe stylet-like process appears to be membraneous 
and is frequently wrinkled in cross-section (Fig. 9); 
uperficially it would appear to be strengthened by 
folds of an investing material. This dorsal membrane 
persists for a short distance into the buccal cavity, 
werlying the floor of the latter and presents a 
lorsally thin-walled cul-de-sac of limited extent. 
The entire structure may be considered as a posterior 
lorsal prolongation of the dorsal surface of the 
tylet-like process. 

At the base of the process the dorso-lateral walls 
{the latter are sclerotized, these meeting ultimately 
nthe midline to form a transverse bar (¢.b., Fig. 12), 
ying ventral to the dorsal membrane, which con- 
itibutes to the formation of the roof of the pharynx 
ind the floor of the buccal cavity. 

Supporting the thin and membranous ventral wall 
fthe process is a ventro-mesial rod (st.p.r., Fig. 8) 
vhich does not extend to the tip of the process 
Fig. 4). Similar rod-like thickenings have been 
served in other ticks both by Sen (1935-7) and 
Bertram (1939). At the point of fusion of the base 
f the stylet-like process with the walls of the 
lypostome, thereby forming the pharyngeal aper- 
lure, the ventral wall of the process occurs as a 
worizontal septum (Fig. 4). This is continued 
posteriorly for a short distance into the dilatable 
part of the pharynx (Figs. 11-14) and can be con- 
‘dered as forming the posterior part of the stylet- 
ike structure. Subsequent sections show that this 
ventral wall merges with the wall of the pharynx 
ind eventually becomes obliterated. 
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The thickening of the ventral rod forms a vertical 
column in the lumen of the cavity (Fig. 12), and 
Bertram (1939) considers a similar structure in 
Ornithodorus moubata and O. tholozani as marking 
the point where the posterior part of the closed 
chamber is in communication with the anterior 
part, or with the cavity of the tongue-like structure. 

The writer has observed the presence of blood 
detritus in the lumen of the tube but, unlike Sen 
(1935), it is considered that such material may have 
entered owing to the damaging of the wall of the 
chamber during the process of dissection. No trace 
of blood has been found in the stylet-like process 
of 112 ticks which had dropped from cattle, with 
the exception of one case, and this probably occurred 
for the above reason, when the capitulum was 
bathed in the contents of the gut diverticuli. 

As in Rhipicephalus evertsi, described by Sen 
(1935), there are a remarkable pair of extremely 
fine filamentous processes placed one on each side 
of the stylet-like process, whose apices are in line 
with the distal point of the latter. Despite a large 
number of attempts it was not found possible to 
remove these processes intact, either in preserved 
or fresh specimens. 

As in previous work (Sen, 1935) on the stylet of 
Ornithodorus papillipes, it was noted that the stylet- 
like process and the cheliceral shafts do not respond 
to staining with water-soluble eosin, which as pre- 
viously pointed out by the same writer, suggests 
that the structures are not quite the same as that of 
chitin. With this in mind the capitula of 250 ticks 
were removed following laborious manipulation, 
the cuticle cleared and subjected to the following 
treatment, which is a modification of the method 
suggested by Campbell (1929). The capitula were 
placed in a Pyrex test-tube (1 in. in diameter) con- 
taining 10 ¢c.c. of a saturated solution of potassium 
hydroxide, closed with a rubber stopper bearing a 
bunsen valve and lowered into a beaker containing 
glycerine. The test-tube was supported on a clamp 
so that the level of the alkali was below that of the 
glycerine bath. The bath was heated slowly (over 
} hr. to 160+5°C.) and this temperature was 
maintained for 20 min. At the end of this period 
the bath was allowed to cool to room temperature 
and the contents poured into a shallow dish. The 
insoluble residue was transferred through the follow- 
ing grades of alcohol: 95-70-30 % to water. Each 
capitulum was removed to a slide and 3% acetic 
acid was added. The chitinous material dissolved 
on the addition of this and treatment with 1% 
sulphuric acid left a white precipitate of chitosan 
sulphate. In all the 250 cases investigated, the 


stylets and cheliceral shafts remained unaffected. 
This indicates that either these structures are non- 
chitinous or else they are not quite the same as 
chitin generally. 
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5. THE BUCCAL CANAL AND BUCCAL CAVITY 


In specimens of JI. ricinus freshly dissected in 
normal saline, the buccal cavity may be observed 
as a chamber underlying the paired chelicerae and 
their sheaths. Laterally it appears to be broadly 
rounded and depressed dorso-ventrally, presenting 
in transverse section a triangular form with its apex 
directed dorsally. In J. ricinus, as in other ticks, 
the cavity forms a blindly ending pouch which re- 
eceives at its postero-lateral angles a salivary duct, 
the origin of which may be detected in preceding 
sections by the rounded character of the lateral 
angles of the buccal cavity. Each salivary duct 
shows a spiral-like thickening which lies between 
the chitinous lining of the duct and the investing 
epithelial layer. Posteriorly the buccal cavity pro- 
jects for a short distance over the dorsal wall of the 
pharynx, so that the opening of the buccal chamber 
lies immediately over the pharyngeal orifice. 

An examination of transverse sections reveals that 
distally the components of the mouth parts surround 
a tubular space which, towards the origin of the 
mouth parts in the basis capituli, becomes depressed 
dorso-ventrally. The incomplete tube so formed has 
been regarded by Robinson & Davidson (1913-14) 
and by Bertram (1939) as the buccal canal, a view 
not upheld by Patton & Cragg (1913), who con- 
sidered it as part of the buccal cavity. At the apex 
the chelicerae are flanged ventrally (ch.f., Fig. 6), 
thus, together with the concave hypostome, forming 
the distal part of the functional suctorial system. 
Further back these flanges are not apparent, but the 
modified form of the chelicerae, together with the 
dorso-lateral extensions of the hypostome and the 
increased concavity, maintain the contour of the 
canal. Posteriorly the channel is continued as the 
marked hypostomal groove, roofed dorsally by the 
closely apposed chelicerae and bounded laterally by 
the palps. Where the stylet-like process fuses later- 
ally with the hypostome, the hypostomal groove is 
continued posteriorly as the hypostomal gutter 
(Fig. 10) which opens into the pharynx. Despite 
the close contact of these mouth parts in the vicinity 
of the pharyngeal orifice, morphological union be- 
tween them has not occurred (Fig. 10), and accord- 
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ing to Nuttall e¢ al. (1905), Robinson & Davidson 
(1913-14) and True (1932) it is the fusion of these 
parts laterally which indicate the initial formation 
of the buccal cavity in ticks. 

It may be noted here that chitinous thickenings 
derived from the walls of the buccal cavity strengthen 
the sub-cheliceral plate on each side. The sub- 
cheliceral plate and the thick chitinous walls in the 
region of the buccal cavity and the pharynx, lying 
between the palps and the hypostome basally, 
constitute the ‘endoschlerites’ mentioned by 
Christophers (1906). 


6. THE PHARYNX 


The morphology of the pharynx has been fully 
described by Samson (1909) in her account of the 
anatomy and histology of J. ricinus. As 
descriptions are based on 
sections its morphology as seen in dissected fresh 
material will be described briefly. 

As in Argasid ticks, the pharynx is elongate, and 
tapers at both ends, this being more accentuated 
towards its posterior end where it joins the oeso- 
phagus. The walls are strongly sclerotized and are 
thrown into a number of deep folds with longitu- 
dinally disposed ridges. Microscopical examination 
focusing at different that 
anteriorly the pharynx originates at the pharyngeal 
orifice (ph.o., Fig. 3), and is not a continuation of 
the stylet-like organ as might be deduced from a 
superficial examination. 

In cross-section the anterior part of the pharynx 
is roughly triangular with projecting horns on the 
dorso-lateral margins, and becomes triradiate further 
back, the superficial internal area being increased 
by further infolding at the extremity of each radius. 

Dilation of the pharynx results from the con- 
traction of the dorsal dilator muscles which originate 
on the sub-cheliceral plate. Alternating in distribu- 
tion with the dilator muscles, are muscles crossing 
between the apices of the folds of the pharyngeal 
wall forming bands around the pharynx. A con- 
striction of the pharynx results from the contraction 
of these muscle bands. Dilation of the pharynx 
creates a negative pressure whereby blood is sucked 


most 
reconstructions from 


reveals, by levels, 


Legends to Figs. 6-15. 


Fig. 6. I. ricinus, female; capitulum, transverse section 
through distal extremity of hypostome. 

Fig. 7. I. ricinus, female; capitulum, transverse section 
midway along hypostome. 

Fig. 8. I. ricinus, female; capitulum, transverse section 
near the apex of the stylet-like process. 

Fig. 9. I. ricinus, female; capitulum, transverse section 
at the origin of the hypostomal gutter. 

Fig. 10. I. ricinus, female; capitulum, transverse section 

showing muscles acting on hypostomal gutter. 





Fig. 11. J. ricinus, female; capitulum, transverse section 
immediately posterior to the pharyngeal orifice. 

Fig. 12. I. ricinus, female; capitulum, transverse section 
at level of vertical septum; muscles diagrammatic. 
Fig. 13. JI. ricinus, female; transverse section through 

buccal cavity; muscles diagrammatic. 
Fig. 14. J. ricinus, female; transverse section through 
basis capituli. 
Fig. 15. J. ricinus, female; transverse section through 
proximal ends of chelicerae. 
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from the wound into the pharynx. Despite intensive 
examination, nothing in the nature of a valvular 
apparatus has been observed in the pharynx. 


7. DISCUSSION 


Various interpretations of the morphological nature 
of the feeding mechanism of ticks, principally of 
the Argasidae, have been put forward and in view 
of these differences their functional significance 
has been misunderstood. 

Samson (1909) noted that the floor of the buccal 
cavity in I. ricinus extends over the pharyngeal 
orifice as an elastic membrane (‘elastische platte’). 
This description was subsequently elaborated by 
Ruser (1933) to include a musculature which pulls 
the tongue-like process towards the pharyngeal 
orifice, but the stylet-like process seems to have 
been little studied, probably because of its extremely 
refractile character and the difficulty of exposing it. 
Functionally, according to Samson, this elastic 
membrane serves to prevent the flow of saliva 
from the buccal cavity to the pharyngeal orifice. 

Sen (1934, 1935, 1937) observed the ‘stylet’ 
(‘organ’ in his later papers) in dissections of a 
number of ticks representative of both Argasid and 
Ixodid genera. He writes that the sucking apparatus 
is a stylet which is a continuation of the pharynx, 
this stylet having a distinct aperture apically. The 
finding of blood detritus in the lumen of the stylet, 
in the buccal chamber (!) and in the pharynx of 
Ornithodorus papillipes are considered by him to 
supply conclusive evidence of the suctorial capacity 
of the stylet. The present writer finds no cellular 
elements within the chamber, and the distal attenu- 
ation of the tongue-like structure appears both in 
sections and in microdissection to be closed, and 
not open as suggested by Sen. Similar evidence is 
deduced from the work of Bertram (1939) on the 
genus Ornithodorus. 

Sen’s original suggestion is somewhat in doubt 
in his later paper (1937) where the lumen of the 
organ appeared too narrow to admit the entry of 
more than a ‘ very limited number of blood corpuscles 
of normal size at a time’. The diameter of the stylet- 
like process at its apex measures 5-7 in diameter. 
Whereas the diameter of the normal erythrocytes 
of the horse, cattle and sheep, the normal domestic 
hosts of the tick in Wales, are according to Gulliver 
(quoted by Carleton (1938)) 5-7, 54 and 6-1, re- 
spectively, it is unlikely, even if there were a distinct 
aperture, that many normal corpuscles would enter 
by that route. Furthermore, in his communication 
of 1937, while discussing the organ in Ixodid ticks, 
Sen says that it ‘terminates distally in what appears 
to be a distinct orifice, the rim of which may not 
be in the same plane along the whole circumference’. 

In O. moubata Bertram suggests that the tongue 
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process divides the buccal canal into a dorsal 
chamber in line with the buccal cavity, and which 
he states may be considered as the salivary channel, 
It is possible that the salivary secretion is conducted 
in this channel, and in the tube formed by the 
flanged chelicerae, to the wound; but, from a study 
of sections, it seems more probable that the suggested 
food channel and salivary channel meet in the region 
of the flanges of the chelicerae, and that the tube so 
formed marks the level at which salivary secretions 
mix with the blood. In I. ricinus the flanged 
chelicerae are limited to the apex of the tube, the 
remainder of the suctorial channel being formed 
by the modified contour of the chelicerae and the 
hypostome. In view of the fact that the tongue- 
like process in O. moubata and the stylet-like process 
in I. ricinus overlie the posterior third of the hypo- 
stome, such a division into a salivary channel and 
a food channel must necessarily be limited to that 
area, and, in as far as I. ricinus is concerned, the 
distal extremity of the tongue-like process marks 
the level at which the salivary secretions mix with 
the blood. 

Examination of transverse sections indicates that 
in living specimens the chelicerae are in close contact 
with the hypostome so that the anterior opening 
to the buccal cavity is a narrow transverse slit 
corresponding in width to the mesial membrane of 
the tongue-like structure. The effect of the creation 
of a negative pressure, by dilation of the pharynx 
as suggested by Bertram (1939), assisted by the 
pull of the short and long dilator muscles upon the 
dorsal pharyngeal wall in the region of the posterior 
part of the closed chamber, would be to increase the 
volume of the chamber posteriorly. Relaxation of 
the dilator muscles and the contraction of the con- 
strictor musculature, reduces the projection of the 
closed chamber within the pharynx and_ this 
contraction is helped by the pressure of the blood 
within the pharynx. Probably the contents of the 
chamber, presumably fluid, are forced forward during 
the latter process to the anterior stylet-like process, 
causing distension of the membranous walls of that 
organ and forcing the mesial membrane against the 
narrow aperture into the buccal cavity, thus closing 
it. Conversely, dilation of the pharynx, results in 
the sucking back of the fluid to the posterior 
chamber, with the result that the stylet-like process 
collapses. The vertical septum maintains a con- 
tinuous communication between fore and _ hind 
portions of the chamber. 

Bertram (1939) suggests that ‘during the con- 
strictive period of the pharynx...the buccal cavity, 
salivary ducts and the salivary glands form a closed 
system’. As has been noted by Nordenskiéld (1908), 
Robinson & Davidson (1913), True (1932) and 
Bertram (1939) the spiral-like ridges of the salivary 
ducts of I. ricinus bear a resemblance to insect 





trache: 
the du 
manne 
insects 
pharyt 
lumen 
strictic 
pressul 
haemo 
circula: 
would 
since t 
in this 
the alv 
When 1 
would 
and co 
mesial 
commu 
salivary 
buccal 
of the 
the alve 
ie. fror 
regulat: 
suctorie 
viously 
As in 
cephalu. 
the bu 
present 
its fune 
work o 


bc. basi 
chelicera 
ch. cheli 
sheath ; 
muscle 

et. exter 
tendon; 
stome; | 
gutter; | 


BERTRA! 
229-5: 
BONNET 
Braun, 
sche n, 
Brumpt, 
p. 857 
CAMPBEI 
CARLETO 
l4th e 


Parasit 











orsal 
‘hich 
nnel, 
icted 
~ the 
tudy 
sted 
gion 
be so 
tions 
nged 
, the 
rmed 
1 the 
gue- 
OCess 
\ypo- 
- and 
that 
, the 
1arks 
with 


that 
ntact 
ning 
> slit 
ne of 
ation 
rynx 
r the 
n the 
erior 
e the 
on of 
con- 
f the 
this 
ylood 
f the 
uring 
CESS, 
’ that 
t the 
osing 
Its in 
erior 
ocess 
con- 
hind 


con- 
wity, 
losed 
908), 
and 


ivary 
nsect 








trachea. Bertram further states :‘ Presupposing that 
the duct walls react to increasing pressures in a 
manner analogous to the tracheal tubes in some 
insects, it is suggested that during dilation of the 
pharynx the ducts would be compressed and their 
lumen reduced or obliterated. 
striction of the pharynx would, by reducing the 
pressure transmitted to the duct walls by the 
haemocoele fluid, cause them to assume an almost 
circular section. The lumen of each duct, therefore, 
would increase as the pharynx constricted, and 
since the buccal cavity would be closed anteriorly 
in this phase, salivary fluid would be drawn from 
the alveoli of the glands into the lumen of the ducts. 
When the pharynx begins to dilate, the first result 
would be the collapse of the tongue-like process 
and consequently the slot-like opening above the 
mesial membrane would become patent, thus a 
communication is established between the closed 
salivary system and the salivary channel of the 
buccal canal.’ This is a more feasible explanation 
of the mode of passage of the salivary fluid from 
the alveoli of the glands into the lumen of the ducts, 
ie. from a closed system to an open system and of 
regulating the rate of salivation in relation to the 
suctorial capacity of the pharynx, than that pre- 
viously propounded by Samson (1909). 

As in Amblyomma hebraeum, A. gemma and Rhipi- 
cephalus evertsi a stylet-like process forms a part of 
the buccal apparatus of Ixodes ricinus, but the 
present work indicates that Sen’s interpretation of 
its function is not correct. The results of the present 
work on J. ricinus support the view of Bertram 
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(1939) as to the mechanism of feeding in species 
of Ornithodorus. 


8. SUMMARY 


1. The structure of the capitulum of J. ricinus L. 
is described briefly. 

2. A stylet-like process is described in detail. 
Anteriorly it forms a distal attenuation, which 
widens out at its base near the point of attachment 
to the hypostome and is continued posteriorly as a 
distensible pouch overlying the pharynx. Anteriorly 
the stylet-like process is supported by a ventral 
sclerotized rod. 

3. The stylet-like process effects closure of the 
pharyngeal orifice during contraction of the pharynx 
and so prevents the reflux of blood into the wound. 
In this it is assisted by the closure of the hypostomal 
gutter. 

4. The stylet-like process appears to be a similar 
structure to that observed by Sen (1935) in three 
other species of Ixodid ticks and to be comparable 
in function to the tongue-like process described by 
Bertram (1939) in Ornithodorus spp. 


The writer wishes to acknowledge his indebtedness 
to the Advisory Entomologist, Dr E. E. Edwards, 
in whose department the work was done; to Dr Alec 
Milne, Unit of Insect Physiology, Agricultural 
Research Council; Dr P. Tate, Molteno Institute of 
Parasitology, Cambridge, for reading the original 
script, for making many useful suggestions and 
modifications. 


Key to lettering of text-figures 


bc. basis capituli; b.can. buccal canal; b.ch. base of 
chelicera; buc.cav. buccal cavity; c.f. capitular foramen; 
ch. chelicera; ch.f. flange of chelicera; ch.sh. cheliceral 
sheath; ch.s. cheliceral shaft; d. digit; d.m.g. dilator 
muscle of hypostomal gutter; d.p. dorsal process; 
et. external tendon; ext.art. external article, f.t. flexor 
tendon; f.p. filamentous process; h. hood; hyp. hypo- 
stome; hyp.g. hypostomal groove; hyp.gt. hypostomal 
gutter; int.art. internal article; i.sh.ch. inner sheath of 


chelicera; m.d.ph. dilator muscles of pharynx; m.m. 
mesial membrane of stylet-like process; o.sh.ch. outer 
of chelicera; p. palp; p.c.c. posterior closed 
chamber; ph. pharynx; ph.o. pharyngeal orifice; 
s. septum between chelicerae; s.d. salivary ducts; 
st.p. stylet-like process; st.p.r. ventral rod; sub.pl. sub- 
cheliceral plate; t.b. transverse bar formed by fusion of 
lateral thickenings of stylet-like process; v.s. vertical 
septum. 
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Neveral specimens of Phyllobothrium dohrnii (Oerley) 
mere Obtained from the intestine of Hexanchus 
iseus caught in the deep-sea fishing grounds on 
the Porcupine Bank to the west of Ireland. The 
ies was first described by Oerley in 1885. Since 
then, several cestodes which are probably synony- 
ous with this species, have been described by 
various writers. They are Crossobothrium laciniatum 
linton (1889) from Odontaspis littoralis (the sand 
hhark) at Wood’s Hole, Mass., Crossobothrium 
mpanulatum Klaptoez (1906) from Hexanchus 
riseus in the Gulf of Trieste, and Orygmatobothrium 
vlamentum Yoshida (1917) from Cynias manazo 
the bleeker) of Hiroshima, Japan. 

Southwell (1925) considers the genus Crossobo- 
rium to be synonymous with Phyllobothrium. As 
lefined by Linton (1889), Crossobothrium only differs 
from Phyllobothrium in having pedunculated instead 
f sessile bothridia and in not having a distinct 
teck, although Crossobothrium laciniatum var. longi- 
lle Linton is described as having a neck. Klaptocz 
1906), in making a key to the genera of the family 
Phyllobothriidae, has indicated that the key is un- 
satisfactory in those instances where the distinction 
lepends on the bothridia being either pedunculated 
r sessile and having either smooth or crinkly 
margins. Bothridia are essentially very variable 
i appearance at different times even in the same 
specimen, and slight differences in aspect will not 
form a reliable basis for classification. According 
‘o Linton the most striking feature about Crosso- 
othrium laciniatum is that the segments have their 
posterior margins laciniated, but this feature exists 
in Phyllobothrium dohrnii. Crossobothrium campanu- 
tum Klaptocz is described as differing from C. 
aciniatum in the much longer peduncles to the 
bothridia, the strobila being narrower and the 
position of the testes being slightly different. These 
tharacters seem hardly sufficient to separate a 
species. The genus Orygmatobothrium Diesing is 
synonymous pro parte with Phyllobothrium. Orygma- 
lobothrium velamentum Y oshida is said to differ from 
Crossobothrium laciniatum in having a velum around 
the bothridial rim, in the mode of attachment of the 
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bothridia in respect to the axis of the head, in the 
total length of the strobila and in the difference in 
form of the laciniated border in different parts of 
the strobila. All these features are rather vague ones 
to use for separating a species. The main feature of 
the genus Orygmatobothrium is the presence of an 
additional accessory sucker in the centre of the 
bothridium. In O. velamentum this is described by 
Yoshida as being weakly developed, and Southwell 
(1925) is of the opinion that ‘this species is indis- 
tinguishable from Crossobothrium laciniatum Linton 
= Phyllobothrium dohrnii’. 

Phyllobothrium dohrnii is widely distributed in 
the northern hemisphere, occurring in Japanese, 
American, and now British, waters. It was origin- 
ally recorded in the Mediterranean, having been 
obtained from Heptanchus cinereus Lac., by Oerley 
1885, and in Hexanchus griseus (Gmelin), Mustelus 
hinnulus Blainv. and Scymnorhinus licha (Bonna- 
terre) by Zschokke (1889), Joyeux & Baer (1936) 
and others. 

The various descriptions of the species are not 
entirely in accord and are incomplete in several 
respects. A full description of the anatomy of 
Phyllobothrium dohrnii is therefore given in the 
following pages. 


SCOLEX 


The scolex is provided with two dorsal and two 
ventral pedunculate bothridia. In the expanded 
condition the peduncles measure 0-225 mm. long, 
and 0-37 mm. wide at the apex, and in the contracted 
condition 0-166 mm. long and 0-49 mm. wide. The 
peduncles narrow slightly towards their bases. Each 
peduncle bears a funnel-shaped bothridium 0-90 mm. 
in transverse diameter and 0-58 mm. in depth. It is 
circular in outline and provided with an accessory 
sucker, situated in a slight depression and on the 
inner surface of the anterior border (Figs. 1, 2). The 
sucker measures 0-136 mm. in diameter; its cavity 
is directed obliquely forwards. The remainder of 
the bothridial margin is rounded in outline and pro- 
vided with a frilled expansion of cuticle, the so- 
called velum described by Yoshida (1917) for 
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Orygmatobothrium velamentum. There are no true 
marginal loculi. The margin can be divided into 
three parts by aslight difference in structure (Fig. 2). 
The sucker marks the division between two of the 
three parts, and the remaining third is that im- 
mediately opposite to the sucker and on the posterior 
margin of the bothridium. In this latter region a 
thickened muscular ridge is situated a short distance 
in from the margin. Along the actual margin of the 
bothridium around its whole circumference is 
another more delicate muscular ridge, and in the 
posterior third the two ridges are connected together 
at intervals, and rather irregularly, giving the ap- 
pearance of loculi, but they are false loculi, not 
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STROBILA 


There is no neck. In the specimens available the 
strobila measured up to 150 mm. in length, with a 
maximum breadth of 4-0 mm. in the gravid region, 
The segments vary very much in shape in different 
regions of the same strobila. Those shown in Fig. 3 
are all drawn from the same young complete worm. 
Immediately behind the scolex they have a very 
characteristic appearance, each being more or less 
square in outline and provided on its posterior 
margin with two backwardly directed triangular 
flaps dorsally and ventrally. They overlap the seg- 
ment next behind (Figs. 3, 5, 6, 9) and may project 





Figs. 1-2. Phyllobothrium dohrnii (Oecerley). 


Fig. 1. 
Fig. 2. 


constant in number or arrangement. In the anterior 
two-thirds, muscular ridges extend inwards at 
irregular intervals from the circumference but, as 
the inner ridge is absent here, there is no appearance 
of loculi. On the outer surface of the bothridium, 
just within the frilled margin, a series of parallel 
vertical ridges can sometimes be seen which end 
abruptly at the base of the cuticular frill. These are 
caused by the contraction of a band of circular 
muscles on the inner side of the bothridium in this 
region. In the floor of the bothridium are thicker 
muscular ridges to which retractor muscles are 
attached (Figs. 4, 15). There is nomyzorhynchus, but 
there is a slight elevation at the anterior extremity 
of the scolex, brought into prominence, probably, 
by contraction of muscles in this region (Fig. 5). 


Bothridium folded antero-posteriorly. 
Bothridium opened, showing arrangement of muscles inside funnel. 


prominently from the surface. Some little distance 
further back the segments become broader, measur- 
ing 0-49 x 0-17 mm., and the flaps are more closely 
appressed (Fig. 3). The segments behind shorten 
and broaden considerably to measure 0-02 mm. long 
and 1-08 mm. wide. The terminal segments are 
again square in outline. In these two latter the 
flaps are not apparent. This arrangement was 
characteristic of all the young complete strobilae, 
which measured from 12 to 20 mm. in length. In 
incomplete older strobilae the later segments may 
be either square, with the posterior flaps still 
apparent (Fig. 16), or short and broad, without 
flaps. The genital apertures are irregularly alternate 
and placed a little behind the middle of the lateral 
margin. 
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region of the strobila, where they are arranged in 
MUSCULATURE bundles of from two to a few fibres. Further back 
the number of layers of bundles decreases until, 
eventually, in the gravid region there is only a single 
The superficial musculature consists of longitudinal layer of small bundles immediately beneath the 
fibres only. They are best developed in the anterior basement membrane. The fibres comprising these 
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(a) Strobila 
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Figs. 3-6. Phyllobothrium dohrnii (Oerley). 
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fig. 3. Segments from different regions of the same young complete strobila. 

Fig. 4. Superficial and deep longitudinal muscles seen from the outer surface of the scolex. 
Fig. 5. Seolex and early part of strobila, showing arrangement of superficial muscles at apex of scolex and some 
of the deep longitudinal muscles; simplified for clarity. 

fig. 6. Longitudinal tangential section of early part of strobila, showing arrangement of muscles. 
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bundles anastomose dichotomously with one another 
and with those from neighbouring bundles. 

The deeper musculature varies slightly in different 
parts of the strobila. In the immature region it 
consists of a dorsal and a ventral band of bundles 
of longitudinal muscles continuous throughout the 
segment and from one segment to another (Fig. 6). 
There are about sixty bundles dorsally and sixty 


rd.m. c.m. 


Figs. 7-10. 


Fig. 7. Excretory system of scolex, dorsal view. 
Fig. 8. 
Fig. 9. 
Fig. 10. 


ventrally. In transverse section they form an almost 
gap 
laterally (Fig. 10). The dorsal and ventral bundles 
measure 0-03 x 0-004 mm. Each bundle consists of 


continuous ring, there being only a slight 


a number of fibres, those on the outside being 
slightly smaller. The outer fibres of the bundles 
branch dichotomously and anastomose with fibres 
from neighbouring bundles to form a delicate net- 
work (Fig. 10). In the mature region of the strobila 
the muscle bundles are slightly larger (Fig. 18). 
They are best developed dorsally and ventrally at 
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the anterior and posterior ends of the segments, 
They are much reduced in size in the neighbourhood 
of the reproductive ducts (Fig. 20). In the gravid 
region of the strobila the bundles are smaller and 
more uniform, and are separated further from one 
another by the increase in size of the segment. 
Anastomosis of the outer fibres is hardly recog. 
nizable. Radial muscles are present in the cortical 
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Phyllobothrium dohrnii (Oerley). 


Transverse section through posterior end of one of the anterior segments, showing arrangement of muscles. 
Transverse section through anterior end of the same segment, showing arrangement of muscles. 
Half a transverse section through immature segment some little distance behind scolex. 


region. They are delicate and are most easily seen 
in the immature segments (Fig. 10). 

In the anterior region of the strobila the deep 
musculature becomes somewhat modified in arrange 
ment, owing to the characteristic shape of the seg: 
ments. Here are found the posterior flaps which 
fit into indentations in the anterior half of the 
segment next behind (Fig. 9). These indentations, 
two dorsally and two ventrally, constrict the muscles, 
and the constriction persists throughout the seg 
ment even though the indentations are not preset! 
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in the posterior half (Fig. 8). In transverse section 
the anterior half of the segment appears to be 
divided into three portions (Fig. 9), a central more 
or less rounded portion, containing the two dorsal 
and two ventral excretory vessels, surrounded by a 
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the flaps the segment is uniformly oval in transverse 
section, but the muscles retain the same constricted 
arrangement (Fig. 8). Throughout the segment the 
muscle bundles are closely packed together, and it 
is difficult to distinguish their limits. There are about 
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Figs. 11-15. Phyllobothrium dohrnii (Oerley). 


Fig. 11. Transverse section through scolex just behind the brain, showing deep diagonal muscles. 
Fig. 12. Transverse section through scolex, showing brain. 

Fig. 13. Brain and associated nerves, dorsal view. 

Fig. 14. Diagram of brain and associated nerves, anterior view. 

Fig. 15. 


broad band of muscle bundles almost meeting later- 
ally; and two lateral portions, one on each side, 
containing the lateral nerve cord, surrounded again 
by bundles of muscles. The flaps are wedge-shaped 
and fit into the indentations dorsally and ventrally, 
giving an oval outline to the entire section. Behind 





Transverse section through base of scolex, showing the deep longitudinal muscles entering the peduncles. 


seventeen bundles dorsally and ventrally, enclosing 
a more or less square area of parenchyma in which 
lie the excretory vessels. 


In the narrow region 


which connects the central with the lateral portions 
there are four or five bundles dorsally and ventrally, 
and in the lateral portions about six. There are 
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therefore nearly forty bundles dorsally and ventrally 
in this region. 

At the posterior end of the segment a cortical 
region is apparent and is provided with a few widely 
separated circular muscle fibres and radial fibres 
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muscles (Fig. 6). They also contain longitudinal 
muscle fibres which arise from the outer bundles 
of the deep longitudinal muscles of the strobila, 
These spread out fanwise along their course. At 
their points of origin the dorsal and ventral flaps 
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Figs. 16-20. Phyllobothrium dohrnii (Oerley). 


Fig. 16. Mature segment, dorsal view. 


Transverse section through central region of mature segment, showing opening of uterine duct into uterus. 
Transverse section through central region of mature segment, showing ovary and associated structures. 


Fig. 17. Reconstruction of female genital ducts, lateral view. 
Fig. 18. 
Fig. 19. 
Fi 20. Cirrus sac lv ins Pi new 
ig. 20. Cirrus sac and vagina, anterior view. 


(Fig. 8). At the anterior end the cortex is obliterated 
or may be regarded as being represented by the 
flaps. The flaps have a musculature of their own, 
derived mainly from that of the rest of the strobila. 
Running obliquely across their free portions are 
delicate fibres probably derived from the radial 


are connected together by delicate dorso-ventral 
fibres (Fig. 8). There are two series, one of which 
series has its concavity inwards and the other out- 
wards. They pass between the longitudinal muscle 
bundles in the narrow region and cross one another 
as they emerge. The transition from this region of 
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the strobila to the mature region is a gradual one, 
the muscles eventually becoming arranged in an 
meonstricted ring, as shown in Fig. 10. 


(b) Scolex 

The superficial longitudinal muscles of the strobila 
continue forwards into the peduncles of the bothridia 
on their outer surfaces dorsally and ventrally. Some 
of the fibres cross one another mid-dorsally and 
mid-ventrally, a few from the left side of the 
strobila entering the right peduncle, and vice versa 
Fig. 4). They then continue over the outer surface 
of the bothridium itself, spreading out fanwise and 
branching until they end in fine fibres inserted on 
the outer surface and around the margin of the 
bothridium. On the anterior surfaces of the pe- 
duncles and bothridia the arrangement is a little 
more complicated (Fig. 5). The bothridia and their 
peduncles are here provided with superficial longi- 
tudinal muscles, as on the outside, but at the apex 
of the scolex these link up in various ways. (1) Some 
pass diagonally across the apex of the scolex, those 
from the left dorsal being continuous with the right 
ventral, and of the right dorsal with the left ventral ; 
(2) some fibres from the right dorsal peduncle enter 
the right ventral and similarly on the left side; 
and (3) other fibres run across between the two 
dorsal and the two ventral peduncles. There is, 
therefore, a complicated arrangement of superficial 
muscles crossing one another in various directions 
at the apex of the scolex. In the peduncles there 
are also a few circular fibres belonging to the super- 
ficial system. They lie outside the longitudinal 
muscles (Fig. 5). 

The deep longitudinal muscles of the strobila 
continue into the peduncles of the bothridia dorsally 
and ventrally. In front of the first segment they 
form a uniform ring of bundles, so that the muscles 
tan extend evenly into the peduncles (Fig. 15). As 
they enter the scolex some of the muscle bundles 
cross one another mid-dorsally and mid-ventrally 
a do the superficial (Fig. 4). The deep muscle 
bundles are larger than the superficial, and during 
contraction are thrown into waves. They spread 
out as they enter the bothridia, and are inserted 
into the thickened muscular ridges in the floor of 
the bothridium and around its margin (Figs. 4, 5, 
15). Some of the innermost bundles do not enter 
the peduncles, but continue forwards to the apex 
of the scolex (Fig. 5). The fibres of these bundles 
branch and anastomose with one another and with 
those entering the peduncles, and are inserted into 
the cuticle at the apex of the scolex. At the apex 
of the scolex there is also a system of deep oblique 
muscles, corresponding somewhat in arrangement 
with those of the superficial system. Two bands of 
muscles emerge from the base of each veduncle 
(Fig. 11). Those from the left dorsal cross the apex 
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of the scolex and are continuous with those of the 
right ventral, and similarly those from the right 
dorsal are continuous with those of the left ventral. 
Where these muscles cross one another they enclose 
a diamond-shaped area through which pass the 
dorsal and ventral excretory vessels and the two 
lateral nerve cords. The crossing takes place just 
behind the brain. Contraction of these muscles, in 
addition to altering the position of the bothridia, 
will bring into prominence the small protuberance 
at the tip of the scolex. This can presumably be 
withdrawn by the deep longitudinal muscles inserted 
into the cuticle covering it (Fig. 5). 

The accessory suckers are composed mainly of 
radial muscles, sharply demarcated from the under- 
lying parenchyma by a limiting layer. Each is pro- 
vided with two retractor muscles continuous with 
the deep longitudinal muscles of the strobila (Figs. 1, 
5). The two retractors are inserted into the lateral 
margins of the sucker and pass down the sides of 
the peduncle, diverging from one another. 

The bothridia themselves are provided with 
muscles responsible for the movements of the funnel 
and for alteration in shape of its margin. The super- 
ficial longitudinal muscles on the outside of the 
funnel have already been mentioned. In addition, 
there are some delicate circular muscles just below 
the cuticle in this region (Fig. 1). The muscles on 
the inner side of the funnel are more complicated. 
They consist of: (1) A band of circular muscles 
situated a little distance from the margin at the 
base of the cuticular frill (Fig. 2). These form a ring, 
indented slightly where it passes the margin of the 
sucker. Their contraction will narrow the orifice of 
the bothridium and will cause the longitudinal 
cuticular ridges, already referred to, to appear on 
the outer side. (2) A deeper band of circular fibres 
at the base of the bothridial cup. (3) Radiating 
muscles crossing near the centre and passing out 
to the circumference. (4) Antero-posterior muscles 
originating near the sucker and passing to the 
posterior border of the bothridium, spreading out 
fanwise. (5) Transverse muscles consisting of delicate 
fibres making semicircles around the sucker in the 
anterior part of the bothridium. Contraction of 
these various muscles will bring about many altera- 
tions in the shape of the bothridium apart from its 
relationship to the remainder of the scolex. 


NERVOUS SYSTEM 
The nervous system consists of a brain, two lateral 
nerve cords and bothridial nerves supplying the 
bothridia. The brain is situated near the anterior 
extremity of the scolex. It is dorso-ventrally com- 
pressed and of comparatively large size (Figs. 12, 
13, 14). It consists of two dorsal and two ventral 
ganglia. The dorsal and ventral ganglia on each side 
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fuse together posteriorly, and from their point of 
fusion a broad median transverse commissure passes 
across the scolex joining the ganglia of the right 
side with those of the left. Slightly posterior to the 
median commissure, more delicate dorsal and ventral 
commissures unite the two dorsal and the two ven- 
tral ganglia respectively. There are, therefore, three 
commissures extending across the scolex. The dorsal 
and ventral curve outwards at the centre, forming, 
with the ganglia, a ring around the median com- 
missure. The median commissure is most probably 
the true nerve centre, as it contains cells. The re- 
mainder of the nervous system consists of a delicate 
network of fibres. 

The lateral nerve cords arise from the point of 
fusion of the dorsal and ventral ganglia on each 
side. They extend throughout the strobila, giving 
off nerves in each segment. At first they are fairly 
near together, being enclosed by the diamond- 
shaped ring formed by the crossing of the deep 
oblique muscles of the scolex (Fig. 11). As soon as 
they pass through this they diverge until they become 
situated laterally some little distance outside the 
lateral excretory vessels (Figs. 9, 10). 

Two bothridial nerves, an anterior and a posterior, 
arise from the outer surface of each of the four 
ganglia (Figs. 12, 13, 14). The anterior bothridial 
nerves arise anteriorly near the outer lateral margins 
of the ganglia (Fig. 13); the posterior bothridial 
nerves a short distance behind and from about the 
centre of the ganglion, at a level opposite to the 
origin of the dorsal and ventral commissures. The 
bothridial nerves are broad nerves which divide at 
the apex of the peduncle, the resulting branches 
supplying the various parts of the bothridium. 
These could not be traced to their terminations. 


EXCRETORY SYSTEM 
Dorsal and ventral excretory vessels extend through- 
out the length of the strobila on either side. They 
lie medially to and a short distance from the lateral 
nerve cords (Fig. 10). The ventral vessel has a 
greater diameter than the dorsal throughout most 
of its length, except in the anterior region of the 
strobila, where the two vessels approach each other 
very nearly in size (Figs. 8, 9). In the scolex the 
arrangement is very simple (Fig. 7). The four vessels 
continue forwards through the ring formed by the 
deep diagonal muscles immediately behind the 
brain (Fig. 11). The two dorsal vessels then pass 
between the median and the dorsal cerebral com- 
missures, and the two ventral between the median 
and ventral commissures (Figs. 12, 13, 14). When 
they emerge anteriorly they enter the peduncles, 
the two dorsal to the dorsal bothridia and the two 
ventral to the ventral bothridia (Fig. 7). In each 
case the vessels run in a slightly coiling manner 
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towards the apices of the peduncles and into the 
bothridia. Near the sucker they turn back and 
proceed again to the base of the peduncle. Here 
the dorsal and ventral vessels on each side unite 
with one another. There is no anastomosis between 
the vessels in the scolex, and those of the right and 
left sides are not connected with one another. 


GENITAL SYSTEM 


The genital atrium lies just behind the middle of 
the lateral margin of the segment. In estimating the 
position of the genital atrium the posterior flaps of 
the segment are neglected as they do not occur 
throughout the strobila. It measures 0-09 mm. wide 
and 0-11 mm. deep. The genital ducts which open 
into it pass between the dorsal and ventral excretory 
ducts and ventral to the lateral nerve cord (Fig. 20). 


Male genitalia 

There are 150-200 testes which occupy most of 
the central region of the segment in its anterior half. 
They extend backwards on either side of the uterus 
(Fig. 16). There are fewer testes on the poral side of 
the segment. They are three to four layers deep, 
and some extend laterally between the dorsal and 
ventral excretory ducts, but do not reach the lateral 
nerve cords. The testes are almost spherical and 
measure 0:06 mm. in diameter. The vasa efferentia 
unite to form a coiled vas deferens situated at about 
the middle of the segment in its anterior half. It 
follows the anterior border of the uterus and eventu- 
ally opens into the cirrus sac (Fig. 16). The cirrus 
sac measures 0-83 mm. in length, with a maximum 
breadth of 0-24 mm. at its base. It lies dorsal to the 
vagina and a little posterior to it. The openings into 
the genital atrium are similarly placed. The vas 
deferens enters the cirrus sac at its base, where, in 
young segments which are just maturing, it forms 
several coils of uniform diameter before straighten- 
ing out and becoming continuous with the ductus 
ejaculatorius and cirrus. As the segments become 
older this distal part of the vas deferens enlarges 
considerably and becomes packed with sperms, 
forming an internal vesicula seminalis (Fig. 20). 
The cirrus itself has a muscular wall and is armed 
with delicate cuticular spines. When protruded it 
is pear-shaped and measures 0-30 mm. long and 
0-157 mm. broad. 

The cirrus sac is provided with extrinsic muscles. 
Around the aperture of the sac are attached delicate 
muscle fibres developed, probably, from the radial 
muscles. They control the aperture and facilitate 
the protrusion and withdrawal of the cirrus. Othet 
extrinsic muscles are attached to the cirrus sa 
along its length. These seem to be developed from 
the longitudinal muscles of the body, with which 
they are continuous. They probably serve to anchot 
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‘the sac firmly. Within the cirrus sac are well- 
developed cirrus retractor muscles. These are in- 
serted into the cirrus near its apex. They pass 
backwards close to the ductus ejaculatorius and 
have their origin in the wall of the cirrus sac at its 
base. Their contraction will withdraw the cirrus, 
its protrusion being effected by the contraction of 
the wall of the cirrus sac. 


Female genitalia 


The ovary is situated at the posterior end of the 
segment. In surface view it is bilobed (Fig. 16), and 
in transverse section X-shaped (Fig. 19), occupying 
the whole depth of the medullary region. It consists 
of a large number of follicles filled with ova. In 
places the follicles are joined together by cross 
branches, giving the ovary the appearance of a 
network. The oviduct arises as an ovicapt on the 
ventral side of the narrow isthmus which joins the 
two lobes. It turns behind the ovary and runs 
towards the dorsal side of the segment, where it 
turns again and runs anteriorly (Figs. 16, 17). Shortly 
after its origin it receives, firstly, the vagina, and 
then the median yolk duct formed by the union of 
a transverse yolk duct from each side. The trans- 
verse yolk ducts are situated ventrally. The oviduct 
continues into the ootype which is surrounded by 
the shell glands and emerges as the uterine duct, a 
coiled tube which proceeds forwards and opens into 
the uterus on its dorsal side (Figs. 17, 18). The 
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uterus is almost spherical, and is very small in 
young segments, where it is surrounded by several 
layers of closely packed cells (Fig. 18). As it becomes 
older it enlarges and becomes irregular, occupying 
almost the entire depth of the segment in the central 
region. Its growth causes the segment to swell out 
in the middle so that the strobila has a beaded 
appearance in sagittal section, the depth in the 
centre of the segment being more than twice that 
at the extremities. The gravid uterus is not quite 
centrally placed, as it is prevented from expanding 
on the poral side, but on the other side it may extend 
as far as, or beyond, the lateral excretory vessels. 

The vagina opens into the genital atrium, ventrally 
to, and slightly in front of, the cirrus sac, passing 
between the cirrus sac and the ventral excretory 
vessel (Fig. 20). When it reaches the centre of the 
segment it turns and continues posteriorly, parallel 
to the uterine duct and between it and the uterus 
(Figs. 17, 19). Just in front of, and ventrally to, the 
shell gland complex it enlarges to form a recepta- 
culum seminis and later narrows again to open into 
the oviduct. 

The yolk glands are situated laterally, forming a 
band of follicles which extends along the whole 
length of the segment (Fig. 16). In transverse 
section they can be seen to envelop the lateral nerve 
cords and excretory vessels (Fig. 20). In the region 
of the reproductive ducts the yolk glands are com- 
pressed and reduced in number. 





Key to lettering of text-figures 


a, anastomosis of longitudinal muscles; a.b.n. anterior 
bothridial nerve; a.p.n. antero-posterior muscles; a.s. 
accessory sucker; b. bothridium; b.c.m. circular muscles 
inside bothridium; c. cirrus; c.g. cerebral ganglion; 
cm. circular muscles; c.s. cirrus sac; d.c. dorsal com- 
missure ; d.e.v. dorsal excretory vessel; d.l.m. deep longi- 
tudinal muscles; d.v.m. dorso-ventral muscles; e.m. ex- 
trinsic muscles; f. frilled margin of bothridium; fi. 
posterior flap of segment; g. genital atrium; i.m.r. inner 
muscular ridge; i.v.s. internal vesicula seminalis; m.c. 
median commissure; m.r.f. muscular ridge on floor of 
bothridium; m.y.d. median yolk duct; n.c. nerve cord: 


o.d.m. oblique deep muscles of scolex; 0.m.r. outer 
muscular ridge; 0.s.m. oblique superficial muscles of 
scolex; oc. ovicapt; ov. ovary; ovd. oviduct; p. peduncle 
of bothridium; p.b.n. posterior bothridial nerve; r. ridges 
on outside of funnel; rd.m. radial muscles; r.m. re- 
tractor muscles of sucker; r.sem. receptaculum seminis; 
s.ln. superficial longitudinal muscles; s.gl. shell glands ; 
t. testis; t.m. transverse muscles; t.y.d. transverse yolk 
duct; ut. uterus; ut.d. uterine duct; v.c. ventral com- 
missure; v.d. vas deferens; v.e.v. ventral excretory 
vessel; vag. vagina; y. yolk follicles. 
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CHLORIDE REGULATION AND THE FUNCTION OF THE 
COXAL GLANDS IN TICKS 


By A. D. LEES, M.A., Pu.D., Agricultural Research Council, Unit of Insect Physiology, 
London School of Hygiene and Tropical Medicine 


(With 10 Figures in the Text) 


Terrestrial arthropods are not exposed, as are some 
aquatic species, to sudden changes in the ionic com- 
position of the external medium. Yet blood-sucking 
arthropods, in common with others which ingest a 
large volume of liquid food, are also confronted with 
the need for preserving the constancy of the internal 
medium while at the same time reducing the total 
volume of the meal by the elimination of water. In 
several insects, both aquatic and terrestrial plant- 
feeding species, the haemolymph has been found to 
be relatively deficient in chloride (Wigglesworth, 
1939). In mammalian plasma, on the other hand, 
chloride makes up some two thirds of the osmotic- 
ally active constituents. It is to be expected, 
therefore, that chloride, as well as water, will be 
present in excess in the diets of such blood-sucking 
arthropods as ticks, particularly as these animals 
ingest gigantic blood meals. 

Ornithodorus moubata Murray and Ixodes ricinus 
L., with which the present work is mainly con- 
cerned, were chosen as representative of the families 
Argasidae and Ixodidae. Ornithodorus feeds rapidly, 
engorgement being complete within 30 min. The 
size of the meal amounts to two to six times the 
original body weight. During the ingestion of the 
meal a large volume of watery fluid is discharged by 
the coxal glands. Iawodes, on the other hand, feeds 
very slowly but ingests a far larger meal. The female 
requires about 8 days for complete engorgement and 
attains a final weight of about 150 times the initial 
body weight. 

Members of the Argasidae and Ixodidae display 
many physiological divergences, not the least of 
these being the possession by some, and perhaps all, 
argasid ticks of regulatory organs, the coxal glands, 
and the apparent absence of such special organs in 
Ixodidae. It is now clear that the coxal glands are 
concerned with ionic (chloride) regulation as well as 
with the ultra-rapid excretion of water. It is the 
purpose of this paper, on the one hand, to link up 
the morphology of the glands in Ornithodorus with 


the performance of these dual functions; and, on the 
other, to examine the chloride exchanges in a 
species lacking coxal glands. 

Since this work was completed it has become 


possible to consult the interesting paper of Boné 
(1943) on the role of the coxal glands in the regula- 
tion of the haemolymph chloride in Ornithodorus 
moubata. The chloride estimations reported below 
are therefore mainly confirmatory: but the explana- 
tion of the function of the coxal glands proposed 
here differs materially from that advanced by Boné. 


METHODS 


Determinations of haemolymph chloride were made 
by the micro-method of Wigglesworth (1937). Unfed 
females of Ixodes only furnish enough blood for one 
estimation, but partially or fully engorged females 
are sufficiently large for repeated determinations to 
be carried out on the same individual. The haemo- 
lymph samples were drawn by pricking the cuticle, 
the exuding droplet being sucked up quickly in the 
waxed pipette. 


CHLORIDE REGULATION IN 
ORNITHODORUS MOUBATA 


About 15 min. after the tick has begun feeding large 
drops of coxal fluid appear under the ventral sur- 
face. The liberation of this fluid continues copiously 
until the tick has detached itself and then more 
intermittently for an hour or so afterwards. The 
relationship between the weight of coxal fluid dis- 
charged and the changes in body weight can be 
followed from the figures given in Table 1. The 
volume of fluid often varies considerably in different 
individuals. Occasionally, as in animal no. 2, the 
amount of coxal fluid liberated is insignificant, 
although the size of the meal (which is equal to the 
increase in weight of the tick plus the weight of 
the coxal fluid) is quite large. Usually, however, the 
weight of the secretion is approximately twice the 
body weight of the unfed tick and about half that of 
the entire blood meal. 

The coxal secretion is crystal clear and usually 
free from protein (xanthoproteic and Millon re- 
actions). Boné (1943) gives estimates for protein 
ranging from 0-05 to 0-5 mg./100 ¢.c.. Non-protein 
nitrogen is higher but is due almost entirely to urea 
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derived from the host’s blood (Boné, 1943). The 
coxal fluid also contains considerable quantities of 
chloride, and evidently the coxal glands may play 
an important role in regulating the level of the 
haemolymph chloride. 


Table 1. Ornithodorus moubata, females 
(previously unfed) 
Weight in mg. 
- Pee — 


Fed (after 


Animal discharge of Coxal 
no. Unfed coxal fluid) fluid 
] 45 90 32 
2 33 127 12 
3 29 88 57 
4 23 90 48 
5 30 81 45 
6 20 67 5 
Chloride, % NaCl 
' . = ~ A ——— —— 
Animal Haemolymph Haemolymph Coxal 
no. unfed after feeding fluid 
l 1-08 1-07 0-90 
2 0-90 0-88 0-77 
3 0-95 0-80 0-81 
4 1-10 1-00 0-80 
5 0-98 1-03 0-83 
6 1-02 0-98 0-74 


Table 1 also shows the results of estimations of 
the haemolymph chloride in the same ticks immedi- 
ately before, and | hr. after, feeding, together with 
the concentration in the coxal fluid liberated. The 
ticks were fed on the ear of a rabbit, after the site of 
attachment had been thoroughly washed. The coxal 
fluid was drawn up in a waxed pipette as it appeared, 
each estimation being made on the total fluid 
collected. 

The average haemolymph chloride concentration 
in the unfed tick is 1-00% NaCl, and after feeding 
0-96% NaCl. In some cases there is a slight fall 
after feeding, but the concentration is usually main- 
tained at a constant level. The coxal fiuid has a 
mean concentration of 0-80% NaCl and is nearly 
always below that of the haemolymph. Clearly, 
therefore, the coxal glands are normally responsible 
for the retention of some chloride. 

The concentrations given above approximate 
very closely to the values obtained by Boné (1943) 
after feeding ticks on normal mouse blood. This 
author has also carried the analysis further. By 
feeding the ticks through a membrane on blood, 
either diluted or containing added chloride, he was 
able to show that if blood with a low chloride con- 
centration is ingested, less chloride appears in the 
coxal fluid. Conversely, with higher concentrations, 
chloride in the coxal fluid rises, but never becomes 
more concentrated than the haemolymph chloride. 
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When blood with a higher concentration than 
0:85 % NaCl is ingested the haemolymph chloride 
can no longer be maintained constant. 

The chloride concentration in rabbit blood is 
equivalent to about 0-6% NaCl. Since the normal 
haemolymph chloride in O. moubata is 1% NaCl it is 





surprising to find that this concentration can be 
maintained in spite of the fact that more chloride is 
contained in the coxal fluid than in the ingested 
blood. If animal no. 2 is omitted from Table 1, 
calculation shows that an average of 61% of the 
total chloride ingested with the meal is subsequently 
excreted in the coxal fluid. The explanation has 
been provided by Boné, who has demonstrated that 
as the blood is concentrated in the gut the osmotic 
pressure rises above that of the haemolymph; and, 
because of this, the more diffusible ions, such as 
chloride, pass into the haemolymph to maintain the 
osmotic equilibrium. Excess chloride is then ex- 
creted in the coxal fluid. The concentration of 
chloride in the gut, as Boné shows, never becomes 
higher than about 0-5% NaCl. 

The Malpighian tubes in O. moubata take no part 
in the elimination of chloride, for the excrement is 
chloride-free and consists primarily of a _ thick 
suspension of guanine spheres. The Malpighian tubes 
begin to function actively about 1 hr. after the meal 
is ingested. The water excreted in this manner is 
very small in amount and is only sufficient to flush 
out the tubes. 


THE MORPHOLOGY AND FUNCTION OF 
THE COXAL GLANDS 


Introduction 
The coxal glands of certain argasid ticks have been 
described briefly, but the descriptions appear to be 
incomplete, only part of the gland having been 
recognized. Indeed, in some species the glands are 
sufficiently small and inconspicuous to have been 
overlooked entirely. 

The presence of flask-shaped coxal glands in O. 
savignyi was first noted by Christophers (1906) who 
observed that they secreted ‘an abundant clear 
fluid, which is slightly alkaline and prevents the 
coagulation of blood’. Robinson & Davidson (1913) 
describe the glands in Argas persicus but do not 
distinguish clearly between the coxal gland proper 
and what must be the accessory gland (see below). 
In the same species Marchoux & Couvy (1913) failed 
to find the glands and advanced the view that the 
coxal fluid was a ‘pseudo-filtrate’ of haemolymph 
across a thin layer of cuticle. Remy (1922) was 
unable to locate the glands in A. reflexus and con- 
sidered the coxal fluid to be true haemolymph 
expressed from the body cavity as the tick became 
engorged. In view of the functional mechanism of 
the coxal glands to be suggested presently, this 
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author’s description of ‘haemocytes’ from the coxal 
fluid was puzzling. I have therefore examined the 
coxal fluid of Ornithodorus moubata for the presence 
of haemocytes. 

In the coxal fluid of the recently fed tick small 
bodies similar to those figured by Remy (1922) are 
present in moderate numbers; but they are not 
haemocytes. Each is without a nucleus and consists 
of a small globular cluster of refractile granules. 
Under pressure from a cover-slip the cluster dis- 
integrates and the granules become free. Similar 
bodies are also present in large numbers in the 
haemolymph of the recently moulted tick. These 
clusters appear very similar to the aggregations of 
granules which are built up in the salivary glands 
alveoli, and it is possible that those in the haemo- 
lymph are derived from the salivary glands as they 
undergo partial regression at ecdysis. Similarly, 
those in the coxal fluid may be derived from granule- 
bearing cells in the accessory glands. It is very 
noticeable that when coxal fluid is obtained from a 
newly moulted, but unfed, tick, a thick suspension 
of the bodies is present in the small volume of fluid 
liberated ; but that when such a tick is fed the bodies 
are no more numerous although dispersed in a far 
larger volume of fluid. What is important from our 
present standpoint, therefore, is that the presence of 
similar microscopic bodies in haemolymph and 
coxal fluid does not necessarily mean that those in 
the coxal fluid are derived directly from the 
haemolymph. 

More is known of the coxal glands in O. moubata 
than in any other species. Here the coxal glands are 
recognized as comprising two distinct glandular 
structures which open by a common duct; and there 
is some agreement that the bulk of the watery coxal 
fluid is elaborated by the larger of the two, the coxal 
gland proper (Kiinssberg, 1911; Boné, 1943), while 
the smaller or accessory gland adds its secretion to 
this. A contrary opinion is advanced by Patton & 
Evans (1929) who assume that all the coxal fluid is 
elaborated by the accessory gland, the larger organ 
acting as a reservoir. The latter view is certainly 
incorrect, for dissections show that the coxal gland 
at no time contains any great quantity of fluid 
(see p. 180). 

The accessory glands in O. moubata have been 

_ described by Kiinssberg (1911) and Boné (1943) 
under the names ‘ Anticoagulindriise’ and ‘glandes 
acineuses’. Each gland measures approximately 
0-5 mm. in diameter and is composed of a number of 
similar alveoli arranged in the form of a bunch of 
grapes. The function of the accessory glands is un- 
known. It was thought at first that the coxal fluid, 
which had been shown to prevent the coagulation of 
blood, served the same ends on flowing into the 
wound made by the proboscis as the secretion of 
anticoagulin by the salivary glands; and on the 
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basis of the histological resemblance of the alveoli of 
accessory and salivary glands Kiinssberg (1911) was 
led to affirm that anticoagulin was elaborated by 
the accessory glands. However, this view was no 
longer tenable when species other than O. moubata 
were studied, for in many of these no coxal fluid is 
liberated until after the proboscis has been with- 
drawn. Robinson & Davidson (1913) have suggested 
that anticoagulin may be absorbed from the gut and 
excreted subsequently in the coxal fluid. 

Of the morphology of the coxal gland itself the 
most complete description is that of Boné (1943). 
He shows the gland in O. moubata as a simple 
tubular structure bent upon itself in a series of tight 
loops and ending blindly in the body cavity. As he 
points out, the rich tracheal supply to the organ and 
the character of the cells lining the tubules (see 
p. 176) support the view that the organ is actively 
concerned in ionic regulation. On the other hand, 
the anatomy of the coxal glands, as the succeeding 
account will show, is certainly much more elaboraté 
than is depicted by Boné. 

Concerning the function of the glands, it is quite 
clear, as Nuttall (1908) was the first to suggest, that 
they serve to eliminate excess water and so assist 
the concentration of the blood meal in the stomach 
prior to digestion. The results of Boné (1943) and 
those reported in this paper make it certain, how- 
ever, that they are also concerned in the regulation 
of the haemolymph chloride. Now it cannot be said 
that the previous descriptions of the morphology of 
the glands are wholly compatible with these two 
functions. In particular, the ability of these small 
glands to discharge with astonishing rapidity a 
relatively enormous volume of fluid, does not 
accord with that interpretation which regards them 
simply as secretory organs. It is our purpose to re- 
examine the structure of the glands from this point 
of view. 


The morphology of the coxal glands in Ornithodorus 


The coxal glands in O. moubata are compact, 
white, paired organs lying near the ventral body 
wall above the coxae of the second pair of legs and 
opening by means of short, wide ducts behind the 
coxae of the first pair. They are flask-shaped 
structures, the narrow width of the flask lying in the 
horizontal plane. In the adult they measure 
1-2mm. across and approximately 0-5 mm. in 
thickness. In Fig. 1 (c.g.) they are shown as seen in 
dissection after the overlying salivary glands have 
been displaced. 

Near the external opening the main duct of the 
coxal gland is joined by a smaller duct from the 
accessory gland (a.g.). This structure has already 
been referred to and need not be described 
further. 
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figs. 1-5. Fig. 1. Female O. moubata dissected from 
the dorsal side to show the relationship of the coxal 
glands to the other organs. The gut has been removed. 
Figs. 2 and 3. Transverse sections of the right coxal 
gland of O. moubata. Fig. 2, showing the junction (j.) 
of the tubules with the filtration chamber. Fig. 3, a 
section through the posterior region of the gland. The 
position of section is indicated by the large arrows at 
the foot of Fig. 6; the figures may be oriented by 
reference to the tubules marked ‘X’ and‘ Y’. Fig. 4. 











Figs. 4, 5 


0-03 mm. 


Figs. 2, 3 





0-2 mm. 


~ 


Detail of the tubule wall. Fig. 5. Detail of the 
filtration membrane, viewed in section and from the 
surface. a.g. accessory gland; 6. brain; c.g. coxal 
gland; c.g.m. coxal gland muscles; d. dorsal; d.m. 
dorso-ventral muscles; d.o. oviduct; f. fibrillae; f.c. 
filtration chamber; f.m. filtration membrane; lL.tr. 
lateral tracheal trunk; m.i.m. mesial intercoxal 
muscle; M.t. Malpighian tubule; o. ovary; s.g. 
salivary gland; ¢. tubules; tr. trachea; tr.e. tracheal 
end cell; wu. uterus; v. ventral. 
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One of the most striking features of the coxal 
glands are the large number of associated muscles 
(Fig. 1). Just behind the brain the broad mesial 
intercoxal muscle runs transversely across the body, 
dividing on either side near each coxal gland into 
three or four smaller muscles (m.i.m.). The largest 
branch passes directly under the gland to its point 
of attachment on the second coxa, but a further 
large muscle is firmly attached to the coxal gland 
near the medio-anterior border. Other strands of 
muscle pass out sideways but are not associated 
with the gland. A close examination shows that 
there are also very numerous small muscle fibres 
(c.g.m.) radiating from the coxal gland itself. Most 
of these muscles arise from the lateral and posterior 
rim of the gland although a few are inserted on the 
dorsal surface. At the distal ends the fibres are 
attached to the body wall or to internal organs. The 
insertions of these coxal gland muscles are not 
entirely superficial for if the fibres are followed they 
are often seen to penetrate the overlying tissue of 
the gland. Their probable function will be referred 
to later. 

Owing to its compactness very little can be seen 
of the structure of the gland itself, either in dis- 
sections or in whole mounts. Part of the course of 
one tubule, however, is usually visible through the 
superficial tissue as it curves round the border of 
the gland, eventually forming the coxal duct (Fig. 1). 
In sections, however, it is immediately apparent 
that the gland comprises two entirely distinct 
regions (Figs. 2, 3). Internally there is a system of 
tubules (¢.) converging on the coxal duct. This has 
been described by other authors (Kiinssberg, 1911; 
Boné, 1943), although the true arrangement of the 
tubules has not been appreciated. Outside the 
tubules, however, and almost completely investing 
the gland, is a membranous structure folded in such 
a way as to enclose an elaborate and irregular 
system of intercommunicating chambers. These 
open eventually into the tubules. For reasons to be 
given later it is proposed to call this structure the 
filtration membrane (f.m.) and the lumen it encloses 
the filtration chamber (f.c.). This part of the gland 
has not been described previously, perhaps because 
it communicates with the tubules only at one point 
and its connexion with the coxal gland is therefore 
not obvious unless complete serial sections are 
examined. 

The disposition of the filtration chamber is shown, 
much simplified, in Fig. 6 which is drawn from a 
reconstructed model of the gland. The wall of the 
filtration chamber or filtration membrane (f.m.), is 
so highly folded that the chamber itself appears as a 
complicated series of branching folds and elongated 
pockets (f.c.). These closely invest the tubules but 
the spaces left between neighbouring folds will 
enable haemolymph to bathe the tubules. If indi- 
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vidual pockets are examined each is usually seen to 
contain a small muscle fibre (c.g.m.) running down 
the centre to a point of attachment.at the blind end 
of the pocket. These are the small coxal gland 
muscles previously mentioned. Such an arrange. 
ment of the muscle fibres may be said to resemble 
fingers in a glove. Whilst in most preparations the 
larger number of these finger-like processes are 
invaginated, a smaller number are evidently everted 
for they contain no muscles; but if they are followed ¢ 
in successive sections their respective muscles are 
found attached to the tips of the pockets and thence 
are seen passing outwards from the gland. The 
whole ramifying system of pockets and _ fingers 
which make up the filtration chamber communicates 
with the tubules only at one point near the medio. 
anterior edge of the gland (Figs. 2, 6, 7.). Here the 
lumen of the filtration chamber joins that of the 
tubules; apart from this one outlet the filtration 
chamber is wholly enclosed. 

The arrangement of the tubules, as Fig. 6 shows, 
is in the form of a labyrinth. It is not a simple un- 
branched system. Near the junction with the 
filtration chamber, the tubule turns sharply towards 
the mid-line and ends blindly. At this point the 
large branch of the intercoxal muscle (m.i.m.) is 
firmly attached to the tubule wall (Figs. 2, 6). 
Following the course of this tubule (X in Figs. 2, 3 
and 6) posteriorly from the junction with the filtra- 
tion chamber it is seen to run backwards and to 
dilate into a larger ventral chamber at the posterior 
edge of the gland; this communicates on the one 
hand with an overlying dorsal chamber of similar 
proportions and on the other with a tubule which 
passes forward and is thrown into a series of hairpin 
bends before eventually joining the dorsal chamber. 
From the latter a further tubule (Y in Figs. 2, 3 
and 6) passes forward round the lateral margin of 
the gland to the external opening (0.c.g.); it is this 
part of the system which can be seen in dissections 
of the whole gland through the investing folds of 
the filtration membrane. 

The histology of these structures is shown in 
Figs. 4 and 5. The filtration membrane (Fig. 5) 38 
exceedingly tenuous, being little more than 1—2y in 
thickness. When viewed from the surface, minute F 
criss-crossing fibrillae can just be resolved (f.). 
There are a few sparsely distributed nuclei but no 
cell boundaries are visible. The outer surface of the 
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membrane, to which the coxal gland muscles are 1mm 
attached, is quite smooth; the inner lining abutting 
the lumen, has a somewhat roughened appearance. 

The tubules (including those regions where the 
narrow, cylindrical lumen of the tubule widens into hee 
a larger chamber) are made up of cells of an entirely g of 
° a . - 0) chamber 
different character. Their walls vary from 5 to 30, listen. of 
in thickness, and are composed of cells with a dense, paths tal 
uniform and slightly basophil cytoplasm (Fig. 4) ff filtration 
0. delan 
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gs. 6-10. Fig. 6. Dorsal aspect of the right coxal 
gland of O. moubata (schematic). The filtration 
chamber is shown as if cut away from the posterior 
region of the gland. Arrows indicate the possible 
Paths taken by fluid entering the tubules from the 


filtration chamber. Figs. 7-8. Left coxal glands in 
9. delanoei acinus. Fig. 7. The normal gland. 
Fig. 8. The gland in a partially expanded condition. 
Parasitology 37 


Fig. 9. Transverse section of the coxal gland in O. 
delanoei acinus. Fig. 10. Detail of the wall of this 
gland showing the junction of the filtration membrane 
with a group of ‘secretory’ cells. Note the absence of 
tubules and the complex folding of the gland walls. 
ant. anterior; 1. lumen of gland; 0.c.g. opening of coxal 
gland; post. posterior; s. ‘secretory’ cells. Other 
lettering as in Figs. 1-5. 
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No cell boundaries are visible. From the distribu- 
tion of the nuclei, which lie for the most part near 
the lumen of the: tubule, the wall appears to be 
usually one cell in thickness. The cytoplasm is 
extremely homogenous but in places faint striations 
running through the cells at right angles to the 
lumen are present. No brush border is visible in the 
fixed preparations examined. 

The tracheal supply to the gland has already been 
described by Boné (1943). On each side of the body 
cavity a large lateral trunk runs forward from the 
spiracle and gives off branches to the dorsal and 
ventral surfaces of the gland. These divide re- 
peatedly and penetrate between adjoining pockets 
of the filtration chamber. A conspicuous feature in 
sections is the presence near the tubules of numerous 
small tracheae (ér.) and tracheal end cells (tér.e., 
Figs. 2, 3). 


Ornithodorus delanoei acinus (Whittick, 1938) 


The coxal glands of this very large tick were’ also 
examined. The females dissected weighed more than 
1 gm. yet the glands themselves proved to be no 
larger (and much less conspicuous) than the glands 
in O. moubata. Their shape is that of a slightly 
elongated sac about 1 mm. in length and rather less 
in width (Fig. 7). The large number of small muscle 
fibres which are attached to the external walls of the 
gland, and their general arrangement, recalls the 
condition in O. moubata. Sections of the gland, 
however, show that it possesses an entirely different 
internal structure; for instead of there being a sub- 
division into two distinct regions, filtration chamber 
and tubules, each composed of a specific type of 
tissue, the walls of the gland in this speciesare in the 
form of a mosaic in which large ‘secretory’ cells (s.) 
and ‘filtration membrane’ (f.m.) are both repre- 
sented (Fig. 9). There are thus no proper tubules, 

‘and the secretory cells, which are presumably the 
equivalent of the tubule cells, are distributed 
irregularly in groups over the entire inner lining of 
the gland. It is owing to the absence of tubules that 
the gland is so muth more transparent and less easy 
to see in dissections than it is in O. moubata. In the 
collapsed state the walls of the gland are very much 
folded (Fig. 9). 

The secretory cells possess large, usually centrally 
placed nuclei and a basophil cytoplasm, the latter 
somewhat less dense than the cytoplasm of the 
tubule cells in O. moubata. Most of the coxal gland 
muscles are attached to the intervening areas of 
membrane. The appearance of the membrane is 
very similar to that of the filtration membrane in O. 
moubata save that no nuclei appear to be present; 
and it is of the same order of thickness, namely, 
1-2. As Fig. 10 shows, the transition between 
groups of secretory cells and neighbouring areas of 
filtration membrane is abrupt. 
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From the above descriptions it will be apparent 
that of the two species the coxal glands in 0, 
moubata are the more elaborate. If, as appears 
probable, the two types of tissue have the homo. 
logies suggested, one can perhaps picture the tubules 
as arising first of all from an aggregation of ‘secre. 
tory’ cells near the neck of the gland. Apart from 
such implications, the difference in structure will 
also denote a difference in function or in per. 
formance. A correlation between the structure of 
the glands in the two species and what is known of 
their function is tentatively suggested in the 
succeeding section. 


The function of the coxal glands 


The coxal glands of argasid ticks are probably 
organs which combine the functions of filtration 
and reabsorption. The manner in which they are 
believed to function in O. moubata can be stated 
briefly at the outset before the evidénce in favour 
of such a view is examined more closely. 

As the tick ingests blood the cuticle is progres- 
sively stretched until the coxal gland muscles, 
many of which have their attachments on the body 
wall, are stimulated to contract. The contraction of 
these muscles will enlarge the volume of the filtra- 
tion chamber and, since this enlargement takes 
place against the fluid resistance of the haemolymph, 
a negative pressure relative to that of the haemo- 
lymph will be set up within the chamber. If the 
difference in pressure across the filtration membrane 
is greater than the osmotic pressure of the haemo- 
lymph proteins (which are retained by the coxal 
glands—see below) fluid will be driven into the 
chamber. On relaxation of the coxal gland museles 


the filtration chamber will collapse and the fluid[ 


entering the chamber will pass down the tubules to 
the external opening. During the passage of the 
fluid through the tubules threshold substances are 
reabsorbed to the extent required to maintain the 
normal concentration in the haemolymph. 

The structure of the coxal glands seems com- 
patible with the functions suggested above. The 
extreme thinness of the filtration membrane is it 
harmony with the idea that it does in fact serve a8 
filter. On the other hand, the histology of the 
tubules, lined as they are by large cells with a dense 
cytoplasm and richly supplied by tracheae, suggest 
that they are either concerned with the secretion of 
substances from the haemolymph into the lumen of 
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the tubule, as other authors have supposed, or that 
they are concerned in reabsorption from the coxal 
filtrate. These two functions are not necessarily i 
compatible. Nevertheless, it will be noted that the 
arrangement of the tubules is well suited fi 
reabsorption. There are two paths by which flu 
entering the tubules from the filtration chamber o# 
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directly round the posterior of the gland to the 
tubule (Y in Figs. 2, 3 and 6) leading to the external 
opening, or it can find its way by a more circuitous 
route into the forward loops and thence back into 
the dorsal chamber where it rejoins the other 
stream. Since the latter route is longer, and the 
lumen of the tubules narrower, the direct route is 
likely to be the path of least resistance to the flow of 
fluid. The greater the flow of fluid into the tubules, 
however, the greater will be the volume of fluid 
forced into the forward loops: this in turn will 
favour reabsorption for the filtrate will be brought 
into contact with a greater area of tubule wall. 
Owing to the anatomical arrangement of the tubules 
efficient reabsorption seems to be ensured even if 
the rate of flow through the tubules is high. 

We may now consider the more positive evidence 
in favour of the views expressed above. 

Filtration. If the coxal fluid is primarily an ultra- 
filtrate of the haemolymph one would expect 
substances of small molecular weight to pass 
rapidly from the haemolymph into the coxal fluid. 
This expectation, which is fulfilled, has been tested 
in the following manner. A small series of sub- 


‘stances, mainly dyes and foreign proteins, was 


dissolved in 1% NaCl and injected into the body 
cavity of adult ticks. Immediately after injection 
the tick was stimulated to secrete some coxal fluid 
by touching it with a hot glass rod (see below). 
When colourless proteins were injected the xantho- 
proteic test (which normally gives a negative result) 
was applied to the coxal fluid. Twenty-four hours 
afterwards the ticks were dissected and the 
Malpighian tubes examined. 


Table 2 


Presence in 
A. 





Substance injected Coxal Malpighian 
into haemolymph fluid tubes 
Phenol red Present Present 
Neutral red Present Present 
Bromo-phenol blue Present Absent 
Congo red Present Absent 
Haemoglobin Present oo 
Serum albumen Sometimes — 

present 
Casein Absent — 
Indian ink Absent — 


As Table 2 indicates, all the dyes employed, 
ranging from the very diffusible phenol red to the 
relatively indiffusible Congo red, pass readily into 
the coxal fluid. Yet in the successful experiments 
coxal fluid was liberated only a minute or so after 
injection into the haemolymph. As this is much too 
short a period for the dyes to have been secreted by 
the tubule cells, one must conclude that they have 
passed through the filtration membrane. If the 
Malpighian tubes are regarded as organs engaged in 
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secretory activity, it is of interest to note that they 
take up only phenol red and neutral red and are 
unable to excrete less diffusible dyes such as bromo- 
phenol blue or Congo red. 

It is evident, moreover, that the filtration mem- 
brane is a relatively permeable structure, for as well 
as indiffusible dyes, proteins of fairly large molecular 
weight, such as haemoglobin (prepared from whole 
blood laked by warming), pass freely into the coxal 
fluid. Serum albumen (m.w. about 70,000) was 
found in the coxal fluid of some ticks but in others it 
was almost fully retained. In no case did casein 
(m.w. about 200,000) appear in the fluid. It is an 
interesting fact, therefore, that the permeability of 
the filtration membrane is of the same order as that 
of the vertebrate glomerulus which admits the 
passage of haemoglobin in solution and normally 
just retains serum albumen. The virtual absence 
from the coxal fluid of the tick haemolymph 
proteins probably indicates that they possess a 
molecular weight greater than that of serum 
albumen. 

The foremost advantage of a process of ultra- 
filtration, as opposed to one of secretion, in the 
formation of an excretory product lies in the speed 
with which such a product can be separated off 
from the body fluids. In argasid ticks the large 
volume of coxal fluid as compared with thesize of the 
gland, and the rapidity of its liberation, is not in 
harmony with the assumption that it is purely a 
secretion of the tubule cells. Although the copious- 
ness of the coxal fluid and its sudden appearance 
have often excited comment, little information 
relating to the rate of its discharge is to be found in 
the literature. A few instances may therefore be 
cited as evidence in favour of our hypothesis. 

In the female O. moubata the combined volume of 
the glands is not more than 2 mm.°*: yet the tick 
may often elaborate thirty times this volume of 
fluid in the course of 20 min. or so. In O. delanoei 
acinus the formation of fluid is even more dramatic, 
and since this species only discharges coxal fluid 
after leaving the host, the rate of liberation can be 
studied with greater ease by weighing the engorged 
tick at intervals. Some examples of the relationship 
between the quantity of coxal fluid and the size of 
the blood meal are given in Table 3. Animal no. I, 
which weighed 45 mg. unfed, ingested 257 mg. of 
blood and liberated 123 mg. of coxal fluid in the 
hour succeeding detachment. Of this quantity no 
less than 58 mg. was discharged within 45 sec. of its 
first appearance (when the rate of formation of 
coxal fluid is most rapid). Animal no. 2 liberated 
49 mg. of fluid in 60 sec. As the volume of the un- 
expanded glands in O. delanoei does not exceed 
1mm.*, and may be less, each organ is here 
elaborating approximately thirty times its own 
volume of fluid in the space of 1 min. Such a rapid 
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rate of liberation of fluid could only be accounted 
for by a process of ultrafiltration. In Rhodnius, 
where the elimination of water after the ingestion of 
a blood meal is accomplished solely by the Mal- 
pighian tubes, the maximum rate of excretion (or 
secretion) of water does not exceed 1 mg. per 
minute (Wigglesworth, 1931). 


Table 3 
Weight Weight 
Weight ofblood ofcoxal Coxal fluid — 
unfed ingested fluid Ingested blood 
No. mg. mg. mg. % 
Ornithodorus delanoei acinus, 4th stage nymphs 
1 45 257 123 48 
2 61 156 66 42 
3 43 164 57 35 
Ornithodorus parkeri, females (previously unfed) 
1 35 99 29 29 
2 50 88 32 36 


Muscular action and filtration. The possibility that 
filtration plays an important role in the formation 
of the excretory products of certain Arthropoda has 
previously been recognized (see in this connexion 
Picken, 1936). In argasid ticks the structure of the 
coxal glands and, in particular, their close associa- 
tion with muscles, is especially favourable to such a 
view. 

The morphology of the coxal glands in O. moubata 
suggests that muscular action must be of con- 
siderable functional importance but the precise role 
of the muscles is not easy to study. In the first 
place, however, it is quite clear that the production 
of fluid is under some kind of muscular control, for 
its formation is not only associated with the in- 
gestion of a blood meal: the tick will also liberate 
coxal fluid if it is suddenly warmed or handled 
roughly; and even, indeed, when it is stimulated 
by the excitement of courtship (Robinson, 1942). 
Under these conditions large droplets may appear 
suddenly at the coxal openings (the volume of fluid 
ticks can be induced to liberate by such treatments 
is, of course, much smaller than the volume pro- 
duced during feeding). We are here witnessing the 
true production of coxal fluid for, as has been 
emphasized, no reservoir or bladder is present in 
which fluid could be stored. In the absence of 
detailed knowledge of the coxal glands Remy (1922) 
was led to compare this act with the reflex bleeding 
shown by some insects. 

Two sets of muscles have to be considered: (a) the 
intrinsic coxal gland muscles, including the inter- 
coxal muscle, and (6) the numerous and powerful 
dorso-ventral muscles which are not, however, 
directly associated with the glands. From the fqlds 
appearing in the leathery integument one can infer 
that the expulsion of fluid usually takes place as the 
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intercoxal muscle contracts. In an attempt to con- 
firm the suggested functional mechanism of the 
smaller coxal gland muscles, females of O. moubata 
were allowed to attach to the ear of a rabbit after 
the external openings of the glands had been 
occluded with cellulose. paint. If the blocks were 
successful the ticks soon ceased to ingest blood 
although they often remained attached for some 
hours. When these ticks were dissected, however, 
the glands were found to be normal and unex- 
panded: no coxal fluid had been formed. In a 
further experiment, ticks which were feeding nor- 
mally were pulled off the host as soon as coxal fluid 
began to appear. They were then quickly cut in two 
with scissors, the pieces being allowed to fall into 
fixative. Immediate dissection showed that in every 
case the glands were normal in appearance and only 
slightly larger in volume than those of the unfed 
tick. They contained very little fluid. This result 
seemed to justify the belief that the passage of fluid 
into the filtration chamber is associated with the 
fairly rapid contraction and relaxation of the coxal 
gland muscles, rather than with the sustained con- 
traction of all the intrinsic musculature. 

This question was also examined in QO. delanoei 
for, as previously stated, this tick does not release 
any coxal fluid until the mouthparts have been 
withdrawn: then, however, the fluid is discharged 
with great rapidity (see above). The animals were 
fixed in the manner previously described immedi- 
ately fluid began to well from the coxal openings. 
The appearance of the left gland in one such 
specimen is compared in Fig. 8 with the gland of an 
unfed tick (Fig. 7): it is in what is believed to be a 
partially expanded condition for instead of having 
the shape of an elongated sac of roughly circular 
cross-section, it was much flattened and drawn out 
round the rim by the contraction of its muscles. 
Again, however, the gland itself contained practic- 
ally no fluid. 

Remy (1922) considered that the liberation of the 
coxal fluid during feeding was caused by the in- 
creasing turgor of the body contents as blood was 
ingested, and he claimed that ifthe unattached tick 
were subjected to external pressure coxal fluid was 
produced. This is not strictly true for if the body is 
tightly squeezed between two microscope slides it 
often happens that no coxal fluid is liberated even if 
the pressure is sufficient to rupture the body wall. 
The coxal gland muscles rather than the dorso- 
ventral muscles must therefore play the more 
important role in filtration: merely increasing the 
hydrostatic pressure of the haemolymph by com- 
pression—whethet this compression is applied 
externally or internally by the contraction of the 
dorso-ventral muscles would seem to be unimportant 
—will not of itself initiate filtration into the gland. 
This is understandable as the coxal glands are not 
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rigid structures. On the other hand, the contraction 
of the coxal gland muscles may be expected to set 
up a difference in hydrostatic pressure across the 
filtration membrane, provided air is not drawn into 
the gland through the tubules. Since it is evident 
from dissections that air never does enter the gland, 
some part of it must collapse thus occluding the 
lumen. Judging from the anatomy of the gland this 
region is probably the junction of the filtration 
chamber with the tubules. As Fig. 6 shows, this is 
the focus so far as muscular action is concerned, for at 
this point the pull of the large intercoxal muscle will 
be balanced against the contractile force exerted by 
the numerous smaller coxal gland muscles radiating 
from the gland. The dorso-ventral muscles, in 
maintaining a positive hydrostatic pressure in the 
haemolymph, will materially assist in the collapse 
of this region. The expulsion of fluid from the filtra- 
tion chamber then takes place when the coxal gland 
muscles and the dorso-ventral muscles relax. 

It is not surprising that in O. moubata so little 
expansion in the volume of the gland is visible, even 
at times when it is known to be functioning actively, 
for the gland will in fact operate most efficiently 
when the walls of the filtration chamber are highly 
folded: the maximum increase in volume of the 
filtration chamber will then be brought about by 
the smallest increase in muscular contraction. 

Reabsorption. We have seen (p. 173) that chloride 
almost invariably appears in the coxal fluid in 
lower concentration than in the haemolymph and it 
seems permissible to regard this as being due to the 
reabsorption of chloride by the tubule cells. No 
doubt other threshold substances are also re- 
absorbed. This view. seems to be consistent with 
certain of the results obtained by Boné (1943). This 
author regards the coxal fluid chloride as being 
secreted by the tubules: but he has shown that if 
the tick is fed on blood containing added chloride, 
the concentration in the coxal fluid never becomes 
higher than in the haemolymph, even when the 
latter can no longer be maintained at the normal 
level. If the presence of chloride is due to secretion 
there seems no particular reason why, under such 
tireumstances, a more ‘concentrated coxal fluid 
should not be elaborated. If, however, the coxal 
fluid is an ultrafiltrate of the haemolymph from 
which threshold substances are reabsorbed, it is 
dear that this end cannot be accomplished (unless 
the tubule cells are engaged in secretion as well as 
teabsorption): haemolymph and coxal fluid will 
merely have the same chloride concentrations when 
the tubule cells are performing no work. 

The considerable differences in structure of the 
coxal glands in O. moubata and O. delanoei, and, in 
particular, the absence of true tubules in tlie latter 
species, require some comment. If the ‘secretory’ 
tells in O. delanoei are concerned, as the tubule cells 
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in O. moubata appear to be, with reabsorption from 
the coxal filtrate, their relatively poor development 
would lead one to expect that reabsorption would 
be less efficient in the former species. 

There is no experimental evidence available to 
test this contention but it is perhaps significant that 
the total volume of coxal fluid liberated (in relation 
to the size of the blood meal) is rather less than in O. 
moubata. As Table 3 shows, the coxal fluid liberated 
by fourth stage nymphs usually amounts to 35-48 % 
of the weight of the ingested blood: In O. parkeri 
(Table 3) the ratio is less, namely, 29-36%. A 
smaller production of coxal fluid relative to the size 
of the blood meal seems to be characteristic of those 
species, such as O. delanoei and O. parkeri, which 
liberate coxal fluid only after they have ceased 
ingesting blood. As Robinson (1945) points out, this 
habit will mean that a smaller number of blood cells 
are ingested with a meal of a given size:* but it also 
implies that the blood will become less concentrated 
in the stomach and, consequently, there will be a 
diminished tendency for chloride ions to pass into 
the haemolymph to maintain the osmotic equilib- 
rium. The need for efficient chloride reabsorption 
may therefore be less on this account. 


CHLORIDE REGULATION IN 
IXODES RICINUS 


Coxal glands are probably absent in Ixodes ricinus. 
Close observation of a number of engorging ticks 
never revealed the shedding of coxal fluid. The 
suspected absence of the glands was afterwards 
confirmed by the dissection of partially engorged 
females: no trace of the glands or of external 
openings could be found.+ It was clear therefore 
that the chloride exchanges must be very different 
from those encountered in Ornithodorus. 

The Malpighian tubes in Ixodes ricinus play a 
definite, if minor, role in the elimination of chloride. 
The fasting tick, after voiding the contents of the 
rectal sac accumulated during ecdysis, ceases to 
excrete further. When the tick attaches to a host, 
however, and particularly during the initial phase 
of rapid digestion and cuticle growth, considerable 
quantities of excrement are discharged by the 
Malpighian tubes. As in Ornithodorus, the excre- 
ment is in the form of a white pasty mass consisting 
largely of spheres of guanine; but in Ixodes ricinus 
it also contains some chloride. The fully engorged 


* It also involves the ingestion of a smaller blood meal 
in relation to the initial size of the tick. O. delanoei 
appears to compensate for this to some extent by dis- 
tending the cuticle more fully. 

t Samson (1909) identified the ‘coxal glands’ in I. 
ricinus from sections but later withdrew this identifica- 
tion (Kiinssberg, 1911). Ruser (1933) also considered 
the glands to be absent in Ixodes. 
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female, immediately after dropping from the host, 
may occasionally pass a droplet of more dilute 
‘urine’ relatively free from guanine. This occurred in 
only one out of some twenty individuals examined. 
Usually nothing is voided after this stage and, as 
digestion and egg laying proceed, guanine once 
more collects in, and distends, the rectal sac until 
this organ comes finally to occupy the greater part 
of the body-cavity. 

The ‘urine’ of the singie specimen noted above 
was only tested qualitatively and was found to 
contain chloride in what was obviously a very low 
concentration. It is sometimes possible to draw off 
a small quantity of fluid from the rectal sac ‘by 
opening the anus with a needle. The following 
chloride concentrations, expressed as percentages 
NaCl, were obtained from a female tick immediately 
after detachment from the host: 


Haemolymph 0-81 Rectal sac 0-45 


The latter value’may well have been higher than 
that obtainable if the contents of the Malpighian 
tubes could be sampled, for in the absence of any 
urine flow, chloride will probably diffuse through 
the thin wall of the rectal sac from the haemolymph. 
That this does in fact occur is suggested by values 
given by older females far advanced in egg laying; 
fluid from thé rectal sacs of three such ticks yielded 
values of 0-67, 0-70 and 1-00. In these cases 
chloride concentrations in rectal sac and haemo- 
lymph (see below) must have been approximately 
the same. , 

From these observations it seems clear that the 
Malpighian tubes only secrete chloride in a lower 
coneentration than is present in the haemolymph; 
and since the total chloride excreted does not seem 
to be large, most of the chloride ingested with the 
meal must remain inside the body of the tick. In 
the recently engorged female nearly the whole of the 
body cavity is occupied by the gut. In order to 
determine the distribution of chloride in the body 
estimations on haemolymph and gut contents were 
attempted. Owing to the viscous nature of the gut 
contents it was necessary to draw the material up in 
a wide, unwaxed graduated pipette and dilute it 
with a known volume of water. Samples were then 
taken from this solution by means of the normal 
micropipette, haemoglobin in solution being pre- 
cipitated by the addition of a droplet of concen- 
trated nitric acid. The following values were 
obtained : 


No. Haemolymph Gut contents 
1 0-90 1-00 
2 0-87 0-70 
3 0-76 0-96 


The difficulties involved in diluting the sticky and 
partially digested blood detract from the accuracy 
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of these estimations but they serve to show that 
chloride is present in the gut in approximately the 
same concentration as in the haemolymph. Why the 
removal of water and the increasing concentration 
(and presumably increasing osmotic pressure) of the 
gut contents does not lead, as in Ornithodorus (Boné, 
1943), to the diffusion of chloride into the haemo. 
lymph, is not fully understood. It may be significant 
that the ingested blood is concentrated to a much 
greater extent in Ixodes than in Ornithodorus (about 
two thirds of the contained water being removed as 
compared with about one half in the latter species): 
the very solidity of the gut contents in Ixodes may 
in some way impede the free diffusion of chloride, 
Although in Ixodes ricinus the ingested blood is 
immediately haemolysed, it does not seem probable 
that any appreciable quantity of chloride can be 
combined with haemoglobin for, according to 
Roesler (1934), the pH of the gut contents is 7-2-7°6, 
that is, slightly on the alkaline side of the isoelectric 
point of oxyhaemoglobin. 


Table 4. Normal haemolymph chloride concentrations 
in Ixodes ricinus, % NaCl 


Unfed females Engorged females 


0-69 0-98 
0-75 1-10 . 
0-71 0-81 
0-70 0-85 
0-75 0-81 
mean: 0-72 0-90 
0-73 
0-87 


mean: 0-88 


Turning now to the haemolymph chloride con- 
centration: the results of estimations on unfed 
females and fully engorged females fed on sheep are 
set out in Table 4. The mean concentration in the 
unfed female is 0-72 % and in the engorged female 
0-88% NaCl. A preliminary determination of 
chloride in a sample of sheep blood by the open 
Carius method (Peters & Van Slyke, 1932) yielded a 
value of 3-1 mg. Cl/e.c. of blood, equivalent to a 
NaCl concentration of 0-51%. That the concentra- 
tion of chloride in the tick haemolymph. rises 
slightly during engorgement, although a lower con- 
centration of chloride is ingested, is evidently due to 
the fact that the tick is losing water rapidly as the 
blood undergoes concentration in the gut. This loss 
of water appears to be due mainly to evaporation 
from the cuticle (Lees, 1946), a process which will 
lead to the removal of water from the haemolymph 
and its replacement by water drawn from the gut. 

While such water loss may considerably assist the 
tick in reducing the total bulk of the meal, the 
process itself would appear to be an uncontrolled 
one. The engorging tick must normally be exposed 
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to air which from time to time varies considerably 
jn its evaporating power. The rate of removal of 
water from the haemolymph may, therefore, vary 
fortuitously. The question as to whether changes in 
concentration of the haemolymph are easily toler- 
ated, or whether they are regulated in some way, 
was accordingly tested by desiccating partially or 
fully engorged ticks in vitro and estimating the 
haemolymph chloride at intervals: 


Table 5. Haemolymph chloride concentrations in Ix- 
odes ricinus after various treatments, % NaCl 


After After 
Before desiccation desiccation 
desiccation forlday for 4 days 
Fully engorged females 
No. 1 0-81 1-21 1-33 
No, 2 0-81 0-80 1-31 
After 
After exposure to 
Before desiccation saturated air 
desiccation forlday for 6 days 
Partially engorged females 
No, 3 0-88 1-21 0-87 
No. 4 0-93 1-17 0-78 
Fully engorged females 
No. 5 — 0-98 0-78 
No. 6 — 1-10 0-87 


Table 5 shows that after desiccation for 4 days 
(at 50% r.H. and 25° C.) the haemolymph chloride 
in two engorged ticks had risen from 0-81 % to c. 
1:32% NaCl; in spite of this, however, these ticks 
showed no signs of injury. Indeed, the limits of 
toleration could not be determined for with more 
prolonged desiccation the volume of the haemo- 
lymph becomes too depleted to draw adequate 
samples for analysis. 

These results show that, even if it occurs at all, 
regulatory activity does not keep pace with the 
tendency for water loss to raise the concentration. 
However, Table 5 also records examples of ticks 
(nos. 3-6) which were first desiccated slightly and 
then returned to saturated air for 6 days. As usual, 
a rise in the haemolymph chloride follows desicca- 
tion, but after prolonged exposure to moist air 
chloride falls to a normal level of about 0-80%. 
Since the tick has not excreted any chloride during 
this period, the most probable explanation of the 
fall in concentration is that it is due to the passage 
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of water from the gut into the depleted haemo- 
lymph. It cannot be due to the uptake of water 
through the cuticle, for the engorged tick, unlike the 
unfed tick, lacks the ability to take up water from 
humid air (Lees, 1946). 

Less tolerance is shown by Ixodes to dilution of 
the haemolymph. This was demonstrated in unfed 
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females which, after desiccation, were held between 
pads of moist filter paper until they had taken up an 
appreciable amount of water through the cuticle 
(Lees, 1946). After this treatment the behaviour of 
the ticks was noted and estimations of the haemo- 
lymph chloride made. Five ticks gave values of 


0-50, 0-45, 0-50, 0-45, 0-33. 


The first four ticks were not excessively distended 
with fluid (the greatest increase in weight was 22 %), 
and although rather sluggish, were able to walk 
normally; the last showed an increase of 40% and 
was quite inert. 


REMARKS ON THE CHLORIDE AND 
WATER BALANCE IN ORNITHODORUS 
AND IXODES 


The exchanges of water and chloride after feeding 
are largely determined by the need to concentrate 
the blood meal in the gut, but this end is accom- 
plished in quite different ways in the two species 
under investigation. First, however, we may note 
certain features in common. In both Ornithodorus 
moubata and Ixodes ricinus the normal chloride 
concentration in the haemolymph is higher than 
that in the ingested blood. It is possible that the 
relatively high haemolymph chloride is an adapta- 
tion to the blood-sucking habit; the need for - 
excreting chloride is thereby reduced. In Ornitho- 
dorus the Malpighian tubes play no part, and in 
Ixodes only a minor part, in chloride excretion. In 
neither species, moreover, do the Malpighian tubes 
seem to possess the ability to excrete water rapidly. 
The virtual restriction of the Malpighian tubes in 
ticks to a function of nitrogen excretion contrasts 
with their more numerous functions in blood- 
sucking insects such as Rhodnius (Wigglesworth, 
1931) where they also play an important role in the 
elimination of chloride and water. 

Several physiological differences between the two 
species are associated with the possession by Orni- 
thodorus of regulatory organs, the coxal glands, and 
the absence of such organs in Ixodes. It is possible 
that the presence or absence of these glands is to be 
correlated with the manner in which these ticks 
feed. 

When Ornithodorus becomes engorged the cuticle 
is passively stretched to accommodate the dis- 
tended gut, but no new cuticle is laid down. Owing 
to this circumstance the tick feeds to repletion 
within a few minutes. Since the meal is ingested so 
rapidly evaporation can play no part in the elimina- 
tion of water. The need for rapidly eliminating 
excess water and salts is met by excreting these 
constituents in the coxal fluid. 

As Ixodes ingests blood, new cuticle is laid down 
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(Ruser, 1933), and, therefore, the tick requires a 
lengthy period to feed to repletion. Since the tick is 
exposed during the period of engorgement to the 
high temperature of the host’s skin (in the case of a 
mammalian host) the loss of water by evaporation 


from the cuticle may assume an added significance ;. 


but in addition to this, the lengthy period of en- 
gorgement permits a higher proportion of the water 
ingested with the meal to be excreted by the 
Malpighian tubes, even though the rate of excretion 
is never high. Finally, I. ricinus has acquired a 
considerable tolerance to changes in the haemo- 
lymph concentration. Since neither the rapid 
elimination of water nor the accurate adjustment of 
the ionic composition of the haemolymph appear to 
be necessary, the need for such specialized organs as 
the coxal glands has ceased to exist. 


SUMMARY 
Ornithodorus moubata 

Chloride regulation. Following the ingestion of a 
blood meal the tick excretes about half the ingested 
water in the coxal fluid. The mean haemolymph 
chloride concentration before feeding is 1-00 % and 
after feeding 0-96% NaCl; and that of the coxal 
fluid, 0-80 % NaCl. These results confirm the values 
given by Boné (1943). 

Morphology of the coxal glands. These comprise 
the coxal glands proper, which elaborate the bulk 
of the coxal fluid, and the smaller accessory glands 
of unknown function. Each. flask-shaped coxal 
gland consists of two distinct regions, an outer 
‘filtration chamber’ and an inner system of tubules. 
The latter lead to the external opening. The filtra- 
tion chamber, which communicates with the tubules 
at only one point, is highly folded into an elaborate 
series of pockets and fingers which closely invest 
the tubules; numerous small muscle fibres inserted 
in these pockets pass outwards from the gland to 
attachments on the body wall. The histology of the 
two regions is entirely different: the filtration 
membrane is only 1-2 in thickness and its cellular 
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origin is much obscured: the tubule walls are 
5-30, in thickness, are composed of cells with a 
dense, deeply staining cytoplasm, and are richly 
supplied with tracheae. In Ornithodorus delanoej 
acinus the walls of the sac-like coxal glands are 
lined both by ‘filtration membrane’ and by large 
irregular groups of ‘secretory’ cells; there are no 
true tubules. . 

Function of the coxal glands. Thé production of 
coxal fluid is under muscular control. It is believed 
that the contraction of the coxal gland muscles 
enlarges the filtration chamber and sets up a 
sufficient pressure difference across the membrane 
to initiate filtration into the gland. In the sub- 
sequent passage of the fluid down the tubules 
threshold substances such as chloride are reab- 
sorbed. That the coxal fluid is primarily an ultra- 
filtrate of the haemolymph is suggested by (a) the 


rapid passage of dyes and even haemoglobin into’ 


the coxal fluid after injection into the haemolymph 
and (b) the very high rate of liberation of fluid. 
Serum albumen sometimes passes into the coxal 
fluid after injection but casein (and the normal 
haemolymph proteins) are fully retained. 


Iuodes ricinus 


Chloride regulation. The mean haemolymph 
chloride concentration in the unfed female is 
0-72% NaCl; and in the engorged female 0-88% 
(after feeding on sheep blood with a chloride con- 
centration of c. 0-50 %). There are no coxal glands. 
During the long engorgement period the blood is 
concentrated in the gut mainly by the loss of water 
through the cuticle. In the absence of special 
regulatory organs the tick displays a marked 
tolerance to increased haemolymph concentration. 
After desiccation haemolymph chloride may rise to 
c. 130% without signs of injury appearing. 


I wish to express my thanks to Dr V. B. Wiggles- 
worth, F.R.S., for reading the manuscript and 
contributing some valuable suggestions. 
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TESTING ARECOLINE HYDROBROMIDE AS AN ANTHELMINTHIC 
_FOR HYDATID WORMS IN DOGS 


By E. J. BATHAM, Hydatid Department, Medical School, University 
of Otago, New Zealand 


(With 4 Figures in the Text) 


INTRODUCTION 


The high incidence of hydatid disease in New 
Zealand led to the official introduction of preventive 
measures in 1937. The chief line advocated was the 
regular dosing of dogs, the anthelminthic recom- 
mended being arecoline hydrobromide. In 1939 it 
was made compulsory, on registering a dog, to 
purchase for an additional shilling a tube of four 
}-grain arecoline tablets. 

By 1942 it was apparent that this measure was 
not significantly affecting hydatid incidence, lamb 
cestode infestations (which should first show any 
change) remaining at an approximately constant 
level of about 50% for the country. Apart from 
other weaknesses in the scheme (e.g. the large pro- 
portion of dogs which did not receive the pills 
because of the apathy and hostility of dog-owners), 
arecoline itself has been considerably criticized by 
both dog-owners and veterinarians. It has been 
stated to kill or seriously upset dogs; to fail to cause 
purgation; and to fail to remove worms. Hence, 
before the application of more intensive preventive 
measures it has been deemed advisable to carry out 
fuller laboratory work on the drug to test the points 
criticized. Previous tests on arecoline efficiency 
against cestodes have been carried out by Hall & 
Shillinger (1924) and by Clunies Ross (1929). In 
each case, however, only about half a dozen dogs 
were used. In the present instance, 157 dogs have 
been infected, dosed in various ways and autopsied. 
Others have received repeated doses. Finally, the 
action of the drug on cestodes in vitro is described. 


MATERIAL AND METHODS 


The arecoline hydrobromide used was partly K.P. 
and Co.’s }-grain tablets, mostly Q-tol-Fluenzol 
t-grain tablets. The arecoline content in batches of 
these was estimated (by Mr Grimmett) by titrating 
with 0-1 N sodium hydroxide with phenolphthalein 
indicator in alcohol-chloroform solution, as in the 
Swiss Pharmacopceia method. Twelve Q-tol-Fluenzol 
tablets (theoretical value 16-2 mg. arecoline hydro- 
bromide each) gave a mean value of 17-8 + 0-41 mg.; 
while 5 K.P. tablets (stated 24-3 mg.) gave a mean 





value of 24:6+0-38 mg. arecoline hydrobromide. 
Most tablets used, then, were probably slightly 
above the stated strengths; but as each dosage-rate 
tested was double the one below it, this error is 
relatively negligible. 

Dogs used were chiefly city strays—collies, poms, 
terriers and others, ranging in weight from 5} to 
62 lb. Each received 0-5c.c. (or in a few cases 
1-0 c.c.) of hydatid scolices, poured down its throat. 
Then, after spendirig usually 7-10 weeks at a 
kennels, it was fed one morning, starved overnight, 
and walked along to the Medical School the next 
morning.. Here, after being weighed, it was dosed 
by two people, care being taken to prevent loss of 
drug by spilling. After the dog had received in its 
cheek pouch the arecoline, dissolved in a few c.c. 
of water, its head was held up for 5 min. to prevent 
loss by dribbling or immediate vomiting. If neces- 
sary, the nose was gripped and the gullet squeezed 
to cause swallowing. The dog was then placed in a 
pen on a bare floor, kept under continuous observa- 
tion for about 3 hr., and intermittent observation 
for the rest of the day. It was permitted to drink 
water, but was not given food until 7 hr. after the 
dosing. Next day the dog was killed and the con- 
tents of its small intestine removed soon after 
death. ‘ 

All faeces and vomited material passed between 
dosing and autopsy were washed through two 
sieves, one above the other. The first (with 3-2 
meshes/linear cm.) retained coarser debris and 
larger helminths, but permitted Hchinococcus and 
Uncinaria to pass. These were retained by the 
second sieve (which had 24 meshes/linear cm.), 
through which finer suspended debris was disposed 
of. The contents of the finer sieve were then 
examined by one worker, portion by portion, 
diluted with water in a 6 in. Petri dish, well illu- 
minated and placed on a black background. All 
worms seen were removed. The writer then repeated - 
all examinations, and counted the total worms 
obtained. 

On autopsy the intestinal contents were washed 
out by alternate sluicing with cold water and strip- 
ping between the fingers. These were sieved and 
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examined in the same way as the faeces. Finally, 
the intestine was slit open, spread out, and its 
anterior two-thirds examined with a hand-lens for 
any hydatid worms still attached. 

In cases where faeces or gut contents contained 
obviously more than 1000 hydatid worms, the mass 
was suspended in a convenient volume of glycerine- 
formalin solution (usually 500 c.c.). Then five or 
more 5 c.c. samples were taken from the well-stirred 
suspension by a glass syringe with widened tip, 
diluted, and counted in a Petri dish over squared 
cardboard. From this the total was estimated. By 
these methods were ascertained the number of 
worms removed by arecoline and the number left 
in the dog: 


No. of ed 
0, of worms removed | |, 


No. removed + no. left 
gave the percentage efficiency of worm removal in 
any one case. The error involved in each figure of 


Table 1. Effects of dosing on dogs 


Arecoline hydrobromide for hydatid worms in dogs 


methods compared with the first with regards 
purgation, worm-removal, and safety to the dog. 

No hydatid worms were recovered from eleven 
of the dogs infected. These cases dre included in 
times for purging, but not in efficiency results. Also 
excluded from the latter- are dogs with a total of 
fewer than five hydatid worms, as an instance 
where, for example, no worms were recovered after 
dosing, two were found on autopsy, scarcely can be 
taken to give a significant percentage result. Infesta- 
tions of Echinococcus in the dogs ranged up to 
19,000 worms. Of the 146 positive dogs, two-thirds 
showed over 100 worms, ten of them over 10,000, 

The results are presented in condensed form in 
Table 1 and shown graphically in Fig. 1. 


Comments 


From the above results it is clear that the lowest 
dose (#4 grain/10 Ib.) is unsatisfactory. It failed to 
cause purgation in most cases, removed fifty-four 


Median 


Median 
No. of No. of No. that time in percentage 
Dose of dogs that dogs became un- mins., efficiency 
: arecoline, No. of passed No. of showing conscious dosing— of hydatid 
Method of grains/ dogs in liquid dogsthat marked for brief liquid worm 
giving dose 10 lb. wt. group faeces vomited discomfort period faeces removal* 
In water by rd 8 2 0 0 0 140 _ 
mouth si 14 13 1 0 0 39 95 | 
vs 21 15 3 0 0 23 99-2 
4 46 43 11 4 1 19 97-5 
3 22 19 12 1 0 25 99-0 
7 15 14 11 3 1 30 99-4 
1 7 6 5 7 4 31 99-2 
2 3 3 2 3 1 29 (99-5) 
In meat 4 20° 16 8 0 0 68 94 
Injected 4 10 5 8 0 0 35 0-1 
subcutaneously 


* Excluding dogs which did not purge or had fewer than five hydatid worms. 


the fraction was probably usually considerably less 
than 5%. 

First, a large group of dogs was tested, giving the 
arecoline in water by mouth at the dosage rate of 
$ grain arecoline hydrobromide/10 lb. dog body 
weight, as this is about the dose in current usage in 
New Zealand. Then smaller groups were tested at 
4, } and } this dosage rate, to see whether or not 
the dose could be decreased without lowering the 
proportion of dogs caused to purge, or the average 
percentage of efficiency of worm removal. Doses of 
twice, 4, 8 and 16 times were given to further 
groups, to test whether frequency of purgation or 
efficiency of worm removal could be increased 
without unduly upsetting or killing dogs. Finally, 
two further groups received the initial dose 
(} grain/10 lb.) in a piece of meat, and injected 
subcutaneously, to see how these more convenient 


out of sixty-one worms from one dog, 0/2 from 
another. Each dose above this, however, causes 
most of the dogs to purge (usually 90%), and gives 
a median figure of worm removal of not less than 
95%. Increasing the dose above ;g grain/10 |b. 
does not markedly increase the proportion of worms 
removed (Table 2). It does, however, cause a pro- 
gressively larger number of dogs to vomit (Fig. 1). 
When raised to } grain/10 Ib. and more, it causes 
extreme symptoms of discomfort in a proportion of 
the dogs, some of these going into a state of con- 
vulsions for several minutes. 

In these latter cases the picture was fairly 
uniform. About 2 min. after the dose was given the 
dog, previously uneasy, would collapse on its side. 
The head stretched back with eyes staring, the 
limbs extended stiffly outwards, and breathing was 
difficult. The legs would then relax and stretch out 
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In meat 


Injected 
subcutaneously 


efficiency of worm removal at varying dosage rates. 


Table 2. Percentage efficiency of hydatid worm removal by arecoline, 


Dose of arecoline - 
Arecoline given grains/10 lb. wt. 


different doses and ways of administering 


No. of dogs from which the hydatid worms present 
° were removed to the extent of: 


A... 


No. of dogs dosed 


which purged and 
had > 5 hydatid 





100 % 
& 0 0 
& 1 2 
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violently several times, after which the dog became 
more normal. Saliva meantime flowed freely, and in 
some cases the passing of urine was not controlled. 
Then, however, the dog became conscious again, 
put its head up, and soon would struggle to its feet 
to stagger round stiffly. Attempts to vomit and 
purge promptly commenced. This combination of 
symptoms was shown only by dogs dosed at the 
rate of $ grain/10 Ib. or more. A single dog on the 
$-grain dose (a tiny pom) became unconscious for 
about a minute shortly after dosing. This was 
probably due to temporary heart failure, cardiac 
inhibition being one of the vagus-stimulated effects 
of the drug. Convulsions did not occur, however, 
and the dog soon appeared normal. 


Hydatid worm removal 
90-100% 


50-90% 1-50% 


0% 





1. 2 grain in water 





Number of dogs 


2. 4 grain in meat 





Fig. 2. Comparison of efficiency of worm-removal by 
arecoline, doses of the same strength given by mouth 
(1) in water, (2) in meat. 


Amongst the other dogs, panting, salivation and 
dilatation of the pupils was usually apparent. Those 
which had accidentally been fed just prior to dosing 

“showed marked discomfort for a minute or two 
before vomiting up undigested food. Hydatid 
worms were not infrequently vomited. Amongst 
these dogs no more serious mishaps occurred, and 
none of the 157 dosed was killed by arecoline 
(although one received thirty-three }-grain tablets). 
In addition it may be recorded that, in connexion 
with a field experiment in hydatid control, over 
300 dogs in one district have been dosed at 3-monthly 
intervals for the past 3 years. The arecoline doses 
given are at about the rate of ;'5 grain/10 lb. 
Mr Miller, the Stock Inspector carrying out the 
work, reports that one dog, sick for a couple of days 
before being dosed; died 3 days later; that a second 
showed temporary adverse symptoms; but that no 


Arecoline hydrobromide for hydatid worms in dogs 


others have, to his knowledge, been seriously upset 
or killed by the drug. 

Giving the pills embedded in a small piece of 
meat is a slightly more convenient technique. The 
median efficiency of worm removal (94%) is not, 
on the number of dogs involved, significantly lower 
than the figure for the same dose in water (97-5 %). 
When the distribution of the percentage efficiency 
figures for the different methods of dosing is con- 
sidered, however, there is an indication that dosing 
in meat is slightly less efficient in removing worms 
than dosing in water (Fig. 2). When times taken for 
the passing of liquid faeces to occur are compared, 
it is seen that dosing in meat is significantly slower, 
the mean figure being 75+8-5 min. instead of 
25+3 min. Dosing in meat is recommended as an 
alternative technique for dogs difficult to dose with 
arecoline in water. 

Subcutaneous injection of arecoline in water 
shows itself quite ineffective for dehelminthication; 
purgation is caused, but not the removal of worms. 


‘Repeated dosings 


The question arises in practice, how many doses 
of arecoline are likely to be necessary to ‘clear’ an 
infected dog of hydatid worms? To test this, 
several devocalized dogs were kept at the Medical 
School and alternatively infected and then dosed 
until negative faeces were passed. The numbers of 
hydatid worms passed by these dogs on successive 
dosings is shown in Table 3. 

From the sixteen infestations shown in Table 3, 
it is seen that negative worm results were obtained 
after two doses in half the cases, but that a few 
worms weré still present after five doses in a couple 
of instances. Usually only a relatively small number 
of worms is present after a single dose, but cases 
B and E 3 were marked exceptions. 


EFFICIENCY AGAINST OTHER HELMINTHS_ 


Other helminths occurring in the dogs used were 
Dipylidium caninum (very abundant), Taenia pisi- 
formis and T'. hydatigena, occasionally 7’. ovis and 
Multiceps serialis, and quite frequently Toxocara 
canis and Uncinaria stenocephala. These were 
seldom present in numbers satisfactorily expressed 
as percentages; but in general the removal of the 
various tapeworms was usually 90-100 %, of Toxo- 
cara about 50%, and of Uncinaria usually nil. In 
large infestations of the latter, a minority of the 
specimens was sometimes passed on purgation ; but 
an isolated case perhaps of significance. was the 
removal of all twenty-one hookworms present in @ 
dog dosed at the highest rate (2 grains/10 Ib. weight). 
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Table 3. Numbers of worms passed by infected dogs on successive arecoline 
dosings (4 grain/10 lb. in water by mouth) 





Dose 
Feeding with Ist 2nd 3rd 4th 5th 6th 7th 8th 9th, etc. 
Dog scolices 
No. of hydatid worms removed 
A First 17 0 a — —_ _— = i a 
Second 13 N.P.* 0 1 0 — — wits pin 
Third 17 0 0 oo — — ~—- — = 
Fourth 13 0 0 1 0 — — _ dane 
B First 7 AP? . BP 2200 (Died before re-dosing) 
C First 4 3 0 a — — ons ae wang 
Second MP. 31 0 a — — a as ape 
D First 1930 73 13 0 =. — — = an 
Second 261 2 1 0 — — _— a oie 
Third 12 1 0 -— — — a nee si 
Fourth 4 8 1 0 — — a piles idlinp 
Fifth N-P.° *3 13 0 — — _ anid aa 
E First 67 35 0 0 — — niles ee ies 
Second 748 647 N.P.* 9 1 8 0 -— 
Third 1760 9250 43 0 — — — oni _— 
Fourth 54 1 2 2 2 2 NP.* 0 2, 0, 0 


* N.P.=No purge. No passing of liquid faeces following the dose. 


EFFECTS OF ARECOLINE ON CESTODES 


Amongst the various effects of arecoline on the 
mammal, the one of particular interest here is its 
action in stimulating peristalis and causing the dog 
to purge. That its anthelminthic activity depends 
not only on this action is indicated: first, in that 
various other substances cause purgation without 
dehelminthication; secondly, in that arecoline in- 
jected subcutaneously has been found to cause 
purgation but not the removal of worms. 

These points suggest that arecoline acts not only 
on the host but also on the worm. To test its effect, 
various strengths of arecoline in Ringer’s solution 
were applied to cestode proglottids in vitro. The 
method used was similar to that of Baldwin (1943) 
to test drugs on nematodes for anthelminthic 
activity. 

Owing to the small size and infectious nature of 
Echinococcus, the. closely allied cestodes Taenia 
hydatigena and 7’. pisiformis were instead-employed. 
The most satisfactory preparations were obtained 
from single, isolated proglottids, late mature or early 
gravid, tied at one end to a fixed hook below, at the 
other to a lever recording on a drum. The pro- 
glottid was placed in a small glass vessel with one 
inlet and two outlet side-arms, through which 
warmed Ringer’s solution was run in and out 
(Fig. 3). This glass vessel was clamped in a water 
bath thermostatically controlled at 38°C. The 
Ringer’s solution used was similar to that described 
by Baldwin, but was buffered at pH 7-4. - 





The single proglottid, when placed in the bath 
and pulling against the weight of a light straw lever, 
soon started a slow but usually rhythmical con- 
tracting and relaxing with considerable amplitude. 
It provided highly satisfactory material to work 
with. One proglottid, for instance, from a worm 
kept overnight in Ringer’s solution at 38° C., was 
used continuously for repeated arecoline tests for a 
morning and afternoon, and was still rhythmically 
contracting at noon next day. Another proglottid 
gave excellent results after its tapeworm had spent 
3 days at 38°C. in Ringer’s solution which was 
changed twice daily. Usually, however, materials 
for a day’s tests was collected from a dog at the 
beginning of the morning, and the segment was 
used for one or two tests only. 


RESULTS 


The typical effect of arecoline (in Ringer’s solution 
at. 38°C.) was to cause extreme and prolonged 
relaxation of the proglottid (Fig. 4). This was 
apparent after a few slight contractions, and usually 
continued without change for as long as the segment 
remained in arecoline-Ringer’s solution. When, 
however, this was replaced by a few changes of 
fresh Ringer’s solution, further rhythmical con- 
tractions almost invariably occurred. Twenty-three 
tests were recorded, four strengths being tried. 

(1) 0-00001 % arecoline hydrobromide in Ringer’s 
solution: two tests; no effect on segment. 

(2) 0-0001 % arecoline hydrobromide in Ringer’s 
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solution : six tests ; one showed prolonged relaxation liminary contractions, showed a prolonged relaxa. 
after eleven contractions; another showed it after — tion. 


three, but gave seven slow contractions before a (4) 0-01%: seven tests; six showed prolonged 
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proglottid~— Ss solution controlled 
ra + by taps and pump 
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Fig. 3. Small vessel for testing drug on tapeworm (removed from constant 
temperature bath). 





Time, 20 sec. 


Fig. 4. Typical tracing obtained from proglottid immersed in Ringer’s 
solution, then in Ringer’s solution plus arecoline. 


further pause; the other four showed a slowing and _ relaxation after two to six initial contractions; the 

irregularity of their contracting, but not prolonged seventh showed intermittent subsequent contrac- 

pauses. tions, but had possibly become desensitized to the 
(3) 0-001 %: six tests; each, after two to six pre- drug by a previous prolonged immersion in it. 





Arecc 
in cai 
worm 
Doses 
rates, 
inject 

Thi 
efficie 
or ab 
Dosir 
actior 
15-3¢ 
but n 
above 
prope 
vulsic 
efficie 
for g 
thoug 
suital 
areco 

Re 
requi 
negat 
purgi 

Are 


Bap’ 
HALL. 
Ass 





laxa- 


onged 








SUMMARY AND CONCLUSIONS 


Arecoline hydrobromide was tested for its efficiency 
in causing dogs to purge and in removing hydatid 
worms by infecting, dosing and autopsying 157 dogs. 
Doses were given by mouth in water at various 
rates, by mouth in meat, and by subcutaneous 
injection. 

The tabulated results indicate that the median 
efficiency of hydatid-worm removal, with doses of 
or above 3 grain/10 Ib. weight, are 95% or more. 
Dosing in meat is almost equally efficient but the 
action is slower, taking usually over 1 hr. instead of 
15-30 min. Injections of arecoline caused purgation 
but not worm removal. Increasing the dosage rate 
above } grain/10 lb. body weight increased the 
proportion of dogs that vomited and caused con- 
vulsions in some, but did not markedly increase 
efficiency in worm removal. The dose recommended 
for general use is jg grain/10 lb. body weight; 
though half or double this dose is about equally 
suitable. None of the dogs tested was killed by 
arecoline. 

Repeated doses were given to see how many were 
required to ‘clear’ a dog. Dogs usually gave 
negative results after three doses that caused 
purging. 

Arecoline showed a similar high degree of effi- 
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ciency against Taenia species and Dipylidium; 
usually removed about half the T'oxocara specimens 
present, and had'no significant effect against hook- 
worms. 

Solutions of arecoline were tested in vitro on 
isolated Taenia segments arranged to record. Solu- 
tions of 0-001 % or more in Ringer’s solution almost 
invariably caused extreme relaxation of the segment, 
its normal rhythmical contractions ceasing. The 
segments were not killed. 

Arecoline hydrobromide appears to exert its 
anthelminthic action: first, by causing the muscles 
of cestodes to relax, so that the hold on the host’s 
intestine is lost; secondly, by causing the host to 
purge, so that the detached worms are removed from 
the host’s body. 


The writer wishes to thank Sir Louis Barnett, 
Dr Hercus and other members of the Hydatid 
Committee for their interest and support. She 
especially thanks Miss D. Medley, Hydatid As- 
sistant, who has carried out the heavy share of the 
infecting of dogs and handling of faeces. Thanks are 
also given to Mr L. K. Whitten, Agricultural 
Parasitologist, for technical advice ; to Mr Grimmett, 
for analysing arecoline-content of pills; and to the 
various members of the Medical School staff who 
have given helpful advice. 
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I. INTRODUCTION 


The present state of knowledge concerning the life- 
history of Bunostomum phlebotomum depends mainly 
upon three publications, Conradi & Barnette (1908), 
Schwartz (1924) and Mayhew (1939). Conradi & 
Barnette observed that there were three larval 
stages of preparasitic development, and that the 
third-stage larva was enclosed in a cuticular sheath. 
Schwartz largely confirmed their observations and 
gave a more detailed description of the preparasitic 
development. These workers were of the opinion 
that infection of the host took place by ingestion, 
but Mayhew (1939) observed that adult hookworms 
appeared in the intestines of calves following appli- 
cation to the skin of larvae cultured from the faeces 
of cattle harbouring B. phlebotomum and Oesopha- 
gostomum radiatum. 

From a perusal of these papers it is evident that 
there are many morphological and developmental 
details in the life history of this parasite which are 
yet to be described. Therefore, in view of the 
numerous reports of its pathogenicity (Sprent, 
1946), a further account of its life history is recorded 
below. The account .is based upon observations 
made by the writer at the Veterinary Laboratory, 
Nigeria. . 

Il. METHODS 


Staining. After fixation in 70% alcohol at 60° C. 
and partial removal of the cuticle with 24 % sodium 
hydroxide, adult and larval hookworms were stained 


by 3 days’ immersion in Delafield’s haematoxylin. 
After suitable differentiation in acid alcohol they 
were mounted in creosote. Skin sections were fixed 
in Helly’s fluid, softened in 5% phenol for 3 days, 
dehydrated in dioxan, embedded in paraffin and 
after sectioning stained with dilute haematoxylin 
followed by eosin and azure IT. 

Cultures. Adult female hookworms were cut up 
into small fragments, placed in a fine sieve and the 
eggs washed from their bodies with water. After 
centrifugalization: the eggs were pipetted on to 
autoclaved ruminal contents in Petri dishes in the 
lids of which moistened blotting paper was placed. 
The cultures-were kept at room temperature 
(70-80° F.). Infective larvae were collected by the 
Baermann technique. For observations on the first- 
and second-stage larvae, very shallow cultures were 
made in solid watch-glasses whose lids were sealed 
with vaseline. Eggs were examined in water on 
slides and rotated into different positions by move- 
ment of the coverslip. 

Artificial infections. The methods employed for 
infecting calves with larvae are described on p. 206. 

Recovery of hookworms at autopsy. Each part of 
the alimentary canal, except the rumen, reticulum 
and omasum, was tied off and opened. The con- 
tents of the oesophagus, abomasum and the small 
intestine were washed out in physiological saline 
and left to stand in tall cylinders. The contents of 
the colon were washed under the tap in a sieve 
(80 meshes per sq. in.). Larvae were collected with 
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pipettes under the binocular microscope and the 
sdults were picked out with porcupine quills. The 
trachea was washed through with physiological 
gline, and the lungs cut up and pulled into shreds 
in a basin of saline whose contents were transferred 
toa Baermann funnel so that the lung tissue might 
float to the top and the larvae be collected below. 

Faecal egg counts. These were performed as 
recommended by Taylor (1939). 


Ill. OBSERVATIONS AND RESULTS 


(a) Incidence 


Two species of hookworm are found in Nigerian 
cattle, Bunostomum phlebotomum (Railliet, 1900), 
and Gaigeria pachyscelis (Railliet & Henry, 1910). 
The former is much the more common, it was found 
in 55% of 250 yearlings slaughtered locally. The 
latter species is only of sporadic occurrence. In this 
paper the term ‘hookworm’ refers only to Buno- 
stomum phlebotomum. This parasite was not observed 
in calves below 5 months of age, but was to be 
found in small numbers in old cattle, the most 
susceptible age being 6-18 months. Their site of 
predilection is the pyloric end of the duodenum 
where 2000 or more may be observed. The females 
measure 13-26 mm. and the males 12-19mm. In 
250 carcases the average proportion of males to 
females was 5:9. 


(b) Reproduction 


During copulation the male clasps the female in 
the region of the vulva with the wings of his bursa, 
%0 that the pair lie at right angles to each other. 
The left lateral lobe and the asymmetrical dorsal 
lobe of the bursa are placed on the right side of the 
vulva. The long fine spicules are then thrust through 
the cloacal aperture into the vagina, where they lie 
spirally-coiled. Each spicule measures 4—5 mm. and 
resembles a feather, having a central rachis and two 
striated blades. 

Spermatogenesis. The testis is a single long coiled 
organ consisting of a protoplasmic core from the 
surface of which extend the progenitors of the 
spermatozoa, each cell being on a short stalk. As 
no evidence of mitosis was seen, it was concluded 
that these cells are spermatids and that no further 
division occurs, at least beyond a short distance 
from the tip of the testis. At first the nuclei of these 
tells are spherical, the chromatin being evenly 
distributed, but further down from the tip of the 
testis the nuclei become less dense, the chromatin 
being distributed as dust-like particles. Still further 
down, the chromatin becomes aggregated into five 
six spheres which gradually coalesce to form a 
tingle very dark granule that forms the nucleus of 
the sperm. The cytoplasmic stalk attaching the cells 
to the rachis becomes gradually more slender until 
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it is only a fine strand, the appearance of the 
spermatids being now that of balloons attached to 
a central rod by a string. The nucleus lies at theside 
of the cell furthest from the stalk but now com- 
mences to move nearer the stalk. At the same time 
a great elongation occurs, so that in the mature 
sperm, which is 40, in length, a spoon-shape is 
attained, although, unlike that of the mammalian 
sperm, the nucleus lies at the fine end, whereas the 
cytoplasmic ‘tail’ forms the spatulate part of the 
sperm. The testis widens into a capacious seminal 
vesicle, about 4mm. long, in the cavity of which 
lie an enormous number of sperms. Through a 
narrow aperture the seminal vesicle leads into the 
ejaculatory duct which has thick walls composed 
of extremely thin cells giving the impression of the 
leaves of a book. The free borders of these cells 
become detached as structureless hyaline disks 
about 25, in diameter which pass out of the cloaca 
with the sperms. 

Formation of the egg. Owing to the fact that the 
eggs are full of a white opaque mass, it was not 
possible to follow the nuclear details of maturation. 
There are two amphidelph uteri, and each is con- 
tinued as a long coiled ovary. At the extreme tip 
of the ovary is a clear cell with a hyaline nucleus. 
This is followed by a mass of undifferentiated 
cytoplasm, in which are scattered many nuclei, 
each having a well-defined nuclear membrane, 
embedded in which are dark granules. Proceeding 
towards the uterus these nuclei become more darkly 
staining and become arranged in one row which at 
first is a zig-zag, but which further on becomes 
straight. A strip of cytoplasm then becomes appor- 
tioned to each nucleus so that the ovary becomes 
a chain of short, wide cells, but towards the uterus 
these cells become gradually longer. Finally, the 
egg, which has now gained its characteristic oval 
shape, arrives at the terminal part of the ovary 
where it passes through a narrow opening into the 
uterus. The uterus is divided into three parts. The 
part adjoining the ovary is a thin-walled sac in 
which the eggs lie in masses, waiting to pass into 
the next compartment which has thicker walls 
constructed of curved, bar-like cells which form a 
tube lined by tall ceils which jut into the lumen. 
It seems that here a homogeneous layer is produced 
around each ovum. The lining cells become lower 
as the third part of the uterus is approached. This 
part has a very narrow lumen, lined by a trans- 
lucent material, in the substance of which are many 
wavy and irregular lines. It seems that here the 
shell of the egg is applied, and that the egg is now 
ready to be laid. Each uterus now joins its fellow 
to form the vagina. The eggs of B. phlebotomum are 
easily distinguished from the eggs of the other 
bovine nematodes by their colour, shape and size. 
The cells of cleavage viewed by transmitted light 
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appear darkly pigmented, although by reflected 
light they appear white, hence they appear darker 


than the other bovine nematode eggs. When viewed. 


laterally the egg is not symmetrical, one side is 
flatter than the other, and one end is more pointed 
than the other end (Fig. 1.). 

As regards size there seems to be a wide variation. 
The most usual measurements of the egg observed 
by the present writer were 45-55 x 95-105n. 








Figs. 1-10. 
cell stage. 
passed in the faeces. 4. 
5. Egg in gastrula stage. 


1. Egg in two-cell stage. 2. Egg in four- 
3. Egg in stage at which it is usually 
Egg in blastula stage. 

6. Egg in early tadpole 

stage. 7. Egg in tadpole stage. 8. Egg in late 

tadpole stage. 9. Egg containing motile embryo. 

10. Hatching. All figs. x 280. 


Ménnig (1938) gives 106 x 46, as the usual size, 


while Schwartz (1924) states that the majority of 


the eggs he measured were 85-95 » long and slightly 
over 50u wide. Conradi & Barnette (1908) give 
75-98 x 40-52» as the usual measurements. 


(c) Preparasitic phase 
(1) Cleavage 
When passed in the faeces the eggs contain 4-6 
cells (Figs. 2, 3), derived from a process of holo- 
blastic cleavage. Further divisions result in a 
blastula (Fig. 4), which is converted into a gastrula 
by epiboly (Fig. 5). Proliferation of cells around 
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the lips of the blastopore produces a tail-like 
appendage, which gives the embryo the appearance 
usually designated as the ‘tadpole stage’ (Figs. 6, 
7, 8). The egg contains a motile embryo 24 hr. after 
the beginning of cleavage (Fig. 9). 


(2) Hatching 

Hatching, in eggs normally passed in faeces, 
begins in 24 hr., although many hours may pass 
while the embryo moves spasmodically within its 
shell. It seems to become exhausted by its efforts 
and periodically lies motionless. One can see the 
buccal tube and the oesophageal bulb of the young 
larva and beside it there lies, in some eggs, a brown 
body measuring 25 x 8, curved somewhat like a 
sausage. This body is pushed against the shell 
which bulges as the larva moves. Then suddenly 
the larva emerges head foremost. For a moment 
it can be seen uncoiling itself with the shell still 
attached. Then it becomes free and the empty 
shell remains behind as an oval transparent body, 
with a fine slit just to one side of the pointed end 
(Fig. 10). 


(3) First-stage larva 

The newly hatched larva (Fig. 11) progresses with 
an unsteady motion. Its tail seems to be used as an 
anchor, for if the larvae are put in water they attach 
themselves to a bit of debris or to the tail of another 
larva and wave their bodies vigorously without 
progression. The smallest larva measured was 350, 
long. It is very difficult at first to see anything of 
the structure of the larva as it is full of opaque 
globules except at the anterior and posterior ends, 
but in older larvae these globules become less densely 
packed and the anatomy becomes evident. The body 
is widest at the beginning of the intestine, and tapers 
anteriorly to a rounded tip which bears four papillae 
and the mouth. The mouth is continued backwards 
as a black line which gradually widens into a cuticle- 
lined buccal tube 8y long. The buccal tube ends 
abruptly in the oesophagus which embraces its 
end. The oesophagus is about 95y long and begins 
with a fusiform swelling, then narrows to an isthmus 
and terminates in a slight bulb which joins the 
intestine. Its substance bears no trace of the 
striations visible in older larvae and its wall consists 
of a single layer of cubical cells with large oval 
nuclei. 

When the larva has grown to about 450, i 
length, it is possible to count the intestinal cells, 
each of which is full of granules except where the 
nucleus lies. There seem to be seventeen cells in the 
intestine proper and two cells which represent the 
rectum. From the latter there runs a fine tube to 
the anal pore which lies about 100, from the tip of 
the tail. The intestine appears to have no lumet 
only a wavy line being visible where the cells of one 
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Figs. 11-13. 
larva. 


11. First-stage larva. 
13. Third-stage larva. 


12. Second-stage 
All figs. x 335. 


row fit alternately against those of the opposite 
row. 180, from the anterior end of the body lies 
an oval body, the genital rudiment. 55, from the 
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anterior end of the larva, at the beginning of the 
isthmus of the oesophagus, can be seen, with some 
difficulty, a faint clear band, the nerve-ring. In 
stained preparations a group of darkly staining 
nuclei is visible, immediately anterior and posterior 
to the nerve-ring. In later larval stages there 
appears also a rectal group of nuclei, but these 
could not be observed in the first-stage larva. Just 
posterior to the nerve-ring a faint line, leading to 
a minute pore on the ventral side, represents the 
excretory duct. Its opening lies 65y from the 
anterior end. Externally, the body-wall is composed 
of an ‘irregularly distributed layer of cells each of 
which is filled with refringent globules. Between 
these cells there are spaces through which a deeper 
layer of diamond-shaped cells, likewise discon- 
tinuous, is visible. The latter stain yellow with 
iodine and are probably muscular. 

When the larva has grown to about 450, in 
length it ceases to move and feed. It then lies 
motionless, bent in a semicircle, or stretched out 
straight. A 56hr. old culture contains lethargic 
first-stage larvae, but at 72 hr. it contains active 
second-stage larvae. In this interval, the first 
eedysis occurs. 

The earliest motile second-stage larvae are still 
encased in the cuticular sheath of the first. stage. 
The site of emergence from the sheath is not known 
but the anterior end of the cast sheath is undamaged 
and has the sense-organs of the first stage still 
visible on it. 


(4) Second-stage larva 


This larva (Fig. 12) ranges in length from 450 to 
550p. It is very active; it writhes about among the 
faecal particles with a smooth undulating move- 
ment, occasionally appearing on the surface but 
soon diving again into ¢he faeces. While the first- 
stage larva, seen by reflected light, has a uniformly 
white appearance, except at the anterior tip, the 
second-stage larva is white only in the intestinal 
region. It was found impossible to count with 
certainty the number of intestinal cells, the nuclei 
being completely obscured by globules. The spaces 
between the superficial cells are larger and the 
muscle-cells are longer; anteriorly the latter are 
fused to form bands stretching outwards and back- 
wards from the mid-line. 

This stage differs from the last in that the mouth 
is larger, the cervical nuclei are more numerous and 
rectal nuclei are present. The larva has a more 
slender appearance, being longer but no wider than 
the previous stage. 

After a period of activity, the second-stage larva 
becomes lethargic and the changes take place which 
convert it into the third-stage larva. The latter 
never leaves the old sheath during its free-living 
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existence, unless under very exceptional circum- 
stances. 


(5) Third-stage larva 


This larva (Fig. 13) differs from the first sheathed 
larva, i.e. unemerged second stage, in the following 
particulars: the larval tail is blunt; the intestine is 
more easily seen, as the granules in the superficial 
cells have disappeared, it is composed of twenty- 
four cells,‘ grouped around a distinct lumen; the 
oesophagus has become relatively longer, its anterior 
part is finely striated and narrow, while the posterior 
part is unstriated and consists of eight large cells 
in two rows of four; at the junction between the 
oesophagus and the intestine there are some cubical 
cells; some gland-like masses are visible just behind 
the nerve-ring; the buccal tube is dilated at the 
anterior end, so that it appears match-shaped; the 
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Width 22 wp 
Buccal tube (length) 12-15 
Mouth to nerve-ring 60-90 
Mouth to excretory pore 90-105 
Oesophagus length 138-170 
Oesophagus width: 

Anterior end 5 

Bulb 12-13 
Mouth to gen. rudiment 200-250 
Anus to tip of tail 25-45 
Tip of tail to tip of sheath 60-90 


These measurements are not quite in agreement 
with those of Conradi & Barnette (1908), and 
Schwartz (1924). The average length of the third- 
stage larva according to the former is 580, and 
according to the latter 500-540». 


(6) Duration of the first three larval stages 
The following is a time-table of the preparasitic 
development as it occurred in a shallow watch-glass 


Table 1. Chronological data for the free-living phase of the life-history 


Time to 
reach 
Active Ist Active 2nd infective 
Observer Temperature Hatching Ist stage lethargus 2nd stage lethargus stage 
(1) Conradi & 48-60° F. 31 days _ -- — — 41 days 
Barnette 
. (1908) 
(2) Schwartz 70-80° F. 96 hr. 24 hr. Two stages combined 24 hr. 8 days 
(1924) 18 hr. 
(3) Sprent 70-80° F. More than Morethan Less than More than Less than More than 
(1946) 32 hr. 9 hr. 15 hr. 21 hr. 20 hr. 101 hr. 
Less than Less than Less than Less than 
40 hr. 30 hr. 36 hr. 113 hr. 


head of the larva has distinct lateral lips, each of 
which is subdivided by a groove into a dorsal and 
a ventral part, each bearing two papillae; and the 
muscle-cells are no longer diamond-shaped, but are 
spindle-shaped cells, more highly developed in the 
anterior region. These larvae are also essentially 
different from the first two stages in their behaviour. 
They do not burrow in the faeces, but come to the 
surface, where they remain inactive. But if the 
surface of a culture be breathed on or warmed they 
start to move vigorously, the most obvious tendency 
being to stretch themselves out into space, waving 
their bodies in the air, the long, tapering tail-sheath 
serving as an anchor. The present writer could find 
no evidence of their being able to feed, although 
Conradi & Barnette (1908) state that the third-stage 
larva is able to feed through the cuticular sheath. 

The length of the third-stage larvae was found to 
vary considerably in different cultures. The smallest 
measured were 4504 long and the largest were 
580; long. The most usual length was 550. Other 
measurements of the third-stage larvae were found 
to be as follows: 


culture at 70-80° F. Observations were made every 
3 hr. from 7.0 a.m. to 10 p.m., except on Sunday 
when the culture was examined only at 10 a.m. and 
7 p.m. 


Culture started 2 p.m. Wednesday 

Moving embryo in 2 p.m. Thursday 24 hr. 
egg 

Active first-stage 7 a.m. Friday 41 
larvae appear 

Larvae become 7 p.m. Friday 53 
lethargic 

Ensheathed second- 7 a.m. Saturday 65 
stage larvae appear 

Active second-stage 1 p.m. Saturday 71 
larvae 

Larvae become 7 p.m. Sunday 101 
lethargic 

Third-stage larvae 7 a.m. Monday 113 


The duration of each stage as observed by 
Conradi & Barnette (1908), and by Schwartz (1924), 
and by the present writer are summarized in 
Table 1. 
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(d) Parasitic phase 
(1) Penetration of the skin 


Conradi & Barnette (1908) and Schwartz (1924) 
were of the opinion that infection with Bunostomum 
phlebotomum took place by ingestion of the infective 
larvae. The latter was unable to observe penetration 
of the skin of small laboratory mammals. Mayhew 
(1939) observed that exposure of a muzzled worm- 
free calf to an area of ground grazed by cattle from 
which B. phlebotomum and Ocsophagostomum 
radiatum had been recovered at autopsy, resulted 
in the presence of hookworms in the intestine. 
Nematode eggs appeared in the faeces of calves 
after application to their skin of larvae cultured 
from dung dropped on the same area of ground. It 
is not clear from his paper whether the latvae he 
applied to the skin or the eggs which subsequently 
appeared in the faeces were actually those of Buno- 
stomum phlebotomum. The following experiments 
were performed by the present writer to investigate 
further these observations of Mayhew. 

Young pail-fed calves which had been kept. in 
pens from birth, were obtained from a farm where 
B. phlebotomum was very seldom observed. They 
were kept in separate pens and fed by a special boy 
who had had the appropriate instructions for 
avoiding contamination of the food by faeces. The 
pens were cleaned out daily and the bedding was 
cut from the writer’s own garden. None of the 
calves was passing helminth eggs at the start of the 
experiment. After a period of observation six calves 
were given cutaneous applications of infective 
larvae, one calf was given larvae by the mouth, and 
two control calves were kept under the same con- 
ditions. The larvae were cultured from eggs obtained 
from the uterus of B. phlebotomum, the cultures 
being made in autoclaved ruminal contents and 
distilled water. The oral dose of larvae was given 
by pouring it into the throat and keeping the mouth 
tlosed for a few minutes afterwards. The skin 
applications were made by shaving, washing and 
demarcating with a grease pencil a site on the ear 
or high up on the neck where the calf could not 
teach with its tongue. The larvae were applied in 
water, drop by drop, into the area so demarcated, 
the ring of grease preventing the water running 
over the skin. The surface of the drop was touched 
periodically with blotting paper to make room for 
the next drop. After all the fluid had been applied 
in this way, the blotting paper was washed to 
ttrieve any adhering larvae, but they were very 
tarely found on it. The calf was restrained on its 
tide by tying all its legs together and held securely 
by several assistants. After application of the fluid 
containing the larvae, the calf was restrained in this 
manner and watched for a further 15 min. The 
results were as follows: 
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Calf I. Received 100 larvae on the pinna of the 
ear. Four days later Strongyloides eggs appeared 
in the faeces. It died 67 days later of Rinderpest. 
One adult B. phlebotomum was found in the duo- 
denum, but no hookworm eggs appeared in its 
faeces. ; 

Calf II. Received 600 larvae on the pinna of the 
ear in three weekly doses of 200 larvae. Weekly egg 
counts failed to show hookworm eggs up to 66 days 
later, but at the next examination at 97 days after 
the first application the calf was passing 200 B. 
phlebotomum eggs per gram of faeces. 

Calf III. Received an uncounted number of 
larvae on the skin of the neck every 3 days for 
2 months. Weekly egg counts first showed hook- 
worm eggs 56 days after the first application. 

Calf IV. Same treatment as Calf III. Hookworm 
eggs first appeared 69 days after first application. 

Calf V. Received an uncounted number of larvae 
on the neck every 3 days. It was killed 30 days 
after the first application. Recovered 120 immature 
and larval hookworms from the lungs and intestine. 
No adult worms were found. 

Calf VI. Received a single application of larvae 
on the neck. It was killed 10 days later and 
numerous B. phlebotomum larvae were recovered 
from the lungs and one B. phlebotomum larva from 
the abomasum. 

Calf VII. Received 500 larvae by the mouth in 
three doses. The first dose of 100 was followed 25 
and 34 days later by 200 larvae on each occasion. 
No hookworm eggs were passed in the faeces. It 
was killed 5 months later, and three adult B. 
phlebotomum were recovered. 

The two control calves did not pass any hook- 
worm eggs throughout the experiment, though the 
eggs of Ascaris vitulorum appeared in one of them. 

It is reasonable to conclude from the above 
experiments that the infective larvae of Buno- 
stomum phlebotomum are able to penetrate the 
shaved skin, and this conclusion was supported by 
observing the site of penetration of the larvae and 
by histological examination of the skin after 
penetration. ; 

When a drop of fluid containing infective larvae 
is applied to a dark patch of skin, the larvae can be 
seen moving vigorously over the surface, burrowing 
their way into the crevices of the epidermis. After 
30 min. there is a slight swelling and the area has a 
characteristic pulpy appearance. After 24 hr. the 
area is rough and there may be a number of small 
scabs. In order that the time taken by the larvae 
to penetrate the skin might be estimated, two calves 
were infected on the skin of the neck in four places 
by the application of a mixture of sterilized mud 
and faeces culture. In the first calf the sites of 
infection were removed at 15, 30, 60 and 120 min. 
respectively, in the second calf at 6, 10, 18 and 
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24 hr. respectively. The site of penetration, in- 
cluding the dermis, was excised with a scalpel and 
dropped into the fixative. The wound was imme- 
diately sprayed with cocaine and adrenalin, sutured 





Figs. 14-15. 14. Third-stage larva in hair follicle of 
calf, 15 min. after application to the skin. (Stained 
section.) x 660. 15. Infective larva lying in a blood 
vessel of the dermis, 60 min. after application to the 
skin. (Stained section.) x 660. 
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and painted with iodine. From sectiops of the skin 
it was evident that at 15 min. the larvae had 
penetrated the horny layer of the epidermis. Some 
of them had penetrated the basement membrane 
between the epithelium and the dermis, while others 
were in the hair follicles (Fig. 14). At 30 min. the 
larvae were in the dermis and at 60 min. they could 
be found in the cutaneous blood vessels. There was 
little or no cellular reaction on the part of the host 
towards the larvae (Fig. 15). From the sections of 
skin removed subsequently it was evident that most 
of the larvae had left the skin 2 hr. after application, 
At 24 hr. after application a very considerable 
infiltration of neutrophil leucocytes was evident but 
there seemed to be no tendency for these cells to 
surround the few larvae which for some reason had 
been delayed. 

The conclusions of Mayhew (1939) that cutaneous 
infection occurs with the larvae of the bovine hook- 
worm, B. phlebotomum, were thus confirmed. But 
the time which elapsed. between application of 
larvae to the skin and the appearance of hookworm 
eggs in the faeces was not in agreement with the 
findings of Mayhew. While the latter observed eggs 
in the faeces of calves as early as 16 days after 
application of larvae to the skin, the earliest time 
at which eggs were noticed by the present writer 
was 56 days after application. This discrepancy may 
be partially explained by the difference in the 
methods of faecal examination, in that eggs are 
probably to be found in the faeces earlier than 
56 days after initial application. Nevertheless, 
30 days after initial application no adult parasites 
were recovered from an artificially infected calf. In 
view of the doubt as to whether Mayhew was 
observing the eggs of B. phlebotomum or those of 
Ocsophagostomum radiatum it is difficult to compare 
the results. c 


(2) The third ecdysis 

To investigate the subsequent development and 
migrations of the larva after it has penetrated the 
skin, a considerable number of specimens were 
collected from the lungs and intestines of artificially 
infected calves and brought home to the United 
Kingdom. Unfortunately, this collection was lost. 
The following account is based upon mounted 
specimens, and it is necessary to point out that the 
measurements given can only serve as approxima- 
tions, being taken from stained specimens. 

The infective larvae probably shed the cuticle of 
the second-stage larva as they penetrate the skin, 
as no evidence of a sheath was visible on the larvae 
contained in sections of the skin. How much growth 
of the larva occurs in the course of the journey from 
skin to lungs is uncertain, but Bunostomum phlebo- 
tomum larvae 550 in length were recovered from 
the lungs of a guinea-pig infected 6 days previously. 
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Having reached the lung a considerable increase 
both in length and thickness occurs (Fig. 16). The 
lumen of the intestine becomes much larger, the 
cells being stretched until they are very long and 


c.vU. 
















Figs. 16-17. 
(Stained specimen.) 


16. Active third-stage larva from lung. 
x 168. 17. Lethargic third- 


_ Stage larva from lung. (Stained specimen.) x 168. 


narrow (Fig. 16, 7.c.). As the larva feeds these cells 
become broader and the lumen of the intestine is 
gradually reduced (Fig. 17). Apart from the increase 
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in size and the changes in the intestine of the larva, 
no structural difference from the larva before pene- 
tration is to be observed except that the nuclei of 
the cervical glands are visible. The larva grows until 
it reaches about 1 mm. in length and then becomes 
lethargic (Fig. 17). 

During the third lethargus the buccal tube of the 
third-stage larva is replaced by a provisional buccal 
capsule; the duct of the cephalic gland becomes 
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Figs. 18-19. 18. Ensheathed fourth-stage larva from 
lung. (Stained specimen.) x 150. 19. Fourth-stage 
larva from abomasum. (Stained specimen.) x 74. 


visible; the nuclei of the cervical glands become 
surrounded by differentiated cytoplasm, and the 
oesophagus is replaced by a striated cuticularized 
oesophagus resembling in miniature that of the 
adult parasite. The formation of the provisional 
buccal capsule (Figs. 21-26) is preceded by an 
increase in width of the anterior end of the larva. 
The first evidence of its appearance is a clear ring- 
shaped space (Fig. 23, c.v.) through which runs the 
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buccal tube. This circular space becomes larger 
(Fig. 24, c.v.) and encroaches into the substance of 
the old oesophagus whose nuclei begin to disperse 
(Figs. 24, 25). When it has a diameter of 52, four 
lancets (Fig. 26, b.l.) can be observed in its depths 
and the new oesophagus (Fig. 26, 0.) becomes applied 
to its base. When the provisional buccal capsule is 
complete the larva separates itself from the cuticle 
at the anterior and posterior ends (Fig. 18, s.) and 
is ready to emerge as a fourth-stage larva. 





Fig. 20. Male fourth-stage larva from duodenum. 
(Magnification unknown.) 
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end and appears no different from that of the third. 
stage larva, consisting of a group of darkly staining 
nuclei (Fig. 18, g.r.). The cervical glands are well 
defined as two bodies each with a large spherical 
nucleus. (Fig. 18, cv.g.) 

Migration to the intestine probably occurs ag 
soon as the larva has exsheathed and evidently 
commences within 10 days after penetration of the 
skin, as the calf slaughtered 10 days after applica- 
tion of the larvae to the skin contained a fourth. 


* stage larva in its abomasum. Although no larvae 


were recovered from the trachea or the oesophagus, 
the larvaé no doubt take this route to the intestine, 
as do those of other hookworms. 

In the intestine the fourth-stage larva grows to 
about 5 mm., casts its sheath and emerges as the 
adult parasite. Little can be said regarding the 
changes which take place during this period of 
growth and ecdysis because all but two of the many 
specimens of fourth-stage larvae and immature 
adults which were collected from the intestine were 
lost. Fig. 19 shows a young fourth-stage larva 
1-8 mm. in length which was recovered from the 
abomasum. No structural difference from the lung 
form is evident except for the increase in length. 
Fig. 20 shows an older fourth-stage larva in which 
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Figs. 21-26. The formation of the provisional buccal capsule during the third ecdysis in the lung. (All stained 


specimens.) x 474. 


21. Active third-stage larva. 
fourth-stage larva. : 


(3) The fourth-stage larva 

On emergence from the sheath the fourth-stage 
larva measures 0-85—0-95 mm. The buccal capsule 
contains four cuticular lancets, the oesophagus is 
much wider than that of the third stage and shows 
striations all along its length. The intestine still 
contains twelve cells, the anterior pair having two 
nuclei each. The anus lies at about 40,4 from the 
posterior end of the body and the rectum is sur- 
rounded by’a number of globular bodies (Fig. 18). 
The genital rudiment lies 487, from the anterior 


22-25. Lethargic third-stage larvae. 26. Ensheathed 


sex differentiation has begun, the spicule sheath 
(s.8.) and the dorsal ray of the bursa (d.r.b.) being 
visible. The lobes of the cephalic glands (cp.g.) are 

~visible although their ducts could not be traced 
forwards to their opening on the rim of the buccal 
capsule. ‘ 

The smallest adult specimen recovered was just 
over 5mm. long. It was a female and could be 
distinguished from the fourth-stage larva by the 
possession of the definitive buccal capsule. con- 
taining a dorsal cone, two ventral lancets and 8 
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lateral pair of lancets which evidently move into 
the subventral position as the parasite matures. 


IV. ‘SUMMARY 


A description is given of the processes of copulation, 
formation of the egg and spermatozoon, cleavage, 
embryogeny and hatching in B. phlebotomum. These 
processes were found to be essentially similar to 
those in other strongyle nematodes. 

The anatomy of the first three larval stages is 
described and the observations of Conradi & Bar- 
nette (1908) and Schwartz (1924) were largely 
confirmed. 

Penetration of the skin of calves by the infective 
larva was observed histologically. The larvae were 
found to have reached the dermis within 30 min. 
and to have penetrated the cutaneous blood vessels 
within 60 min. of application to the skin. The larvae 
were found in the lung where the third ecdysis was 
in progress 10 days after penetration of the skin. A 
description is given of the growth of the third-stage 
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larva in the lung, the changes which take place 
during the third ecdysis, and the anatomy of the 
fourth-stage larva. 

The fourth-stage larvae exsheath in the lungs and 
travel to the intestine. After a period of growth in 
which sexual differentiation takes place, the fourth 
ecdysis occurs and the adult parasite emerges. The 
time required for the attainment of maturity was 
found to be somewhere between 30 and 56 days after 
penetration of the skin. 


This paper was written at the Ministry of Agri- 
culture and Fisheries Veterinary Laboratories, Wey- 
bridge, and the writer would like to express his 
gratitude to the Director, Prof. T. Dalling, also to 
Dr W. R. Wooldridge, chairman of the Council of 
the Veterinary Educational Trust for their help and 
encouragement. The writer’s thanks are also due to 
Dr H. A. Baylis, Prof. R. T. Leiper and Dr E. L. 
Taylor for their advice and help on technical points, 
and to Mr R. A. O. Shonekan, African laboratory 
assistant, for his able co-operation. 
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Key of Lettering to Figures 


AH figures are simplified, and all except Figs. 10 and 20 were drawn with the camera lucida. 


ag. anal ganglion; an. anus; 6.l. buccal lancets; b.t. 
buccal tube; c.c. cubical cells; c.h.f. cells of hair follicle; 
c.n. cervical nuclei; c.v. cephalic vesicle which becomes 
the provisional buccal capsule; cp.g. cephalic glands; 
cv.g cervical glands; d.r.b. dorsal ray of bursa; é.n. nuclei 
of epidermal cells; end. nuclei of endothelial cells; e.p. 
excretory pore; ery. erythrocytes; f. nuclei of fibro- 
blasts; gl. gland-like bodies; g.r. genital rudiment: 


(MS. received for publication 27. 1. 1946.—Ed.) 


i. intestine; i.c. intestinal cells; 1. lymphocytes; la. larva; 
m. macrophages; n.c.g. nuclei of cervical glands; 
n.o. nuclei of oesophagus of third-stage larva; n.r. nerve 
ring; 0. oesophagus of fourth-stage larva; oes. oeso- 
phagus; p.b.c. provisional buccal capsule; r. rectum; 
rn. rectal nuclei; s. cuticular sheath; s.c. stratum 
corneum of epidermis; s.g. sebaceous gland; s.s. spicule 
sheath. ® 
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I. INTRODUCTION 


Several reports have appeared in the literature, 
ascribing symptoms of anaemia and emaciation in 
young bovines to infestation with Bunostomum 
phlebotomum (see Sprent, 1946a); but researches on 
the effect of the environment on the free-living 
stages of this parasite have been very few. Publica- 
tions on this subject appear to be limited to two 
papers, one by Conradi & Barnette (1908), the other 
by Schwartz (1924). Their observations will be 
referred to later in this paper. 
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carried out at the Veterinary Laboratory, Vom, 
Nigeria. 
II. OBSERVATIONS AND RESULTS 
(1) Migrations of the third stage larvae 

Schwartz (1924) found that the infective larvae 
were positively phototropic and positively thermo- 
tropic and that they climbed the walls of their glass 
container, but he hesitated whether to ascribe the 
latter activity to negative geotropism or positive 
phototropism. To confirm the findings of Schwartz 
the present writer undertook some further investiga- 
tions. 


A.B. RJ. 


S.T. C. 








Fig. 1. Diagram of apparatus used for studying tropisms in infective larvae. A.B. arms of the bulb; B. bulb; 
B.S. blotting paper strips; C. cork; R.J. rubber tubing joint; 8.7’. side tubes. 


At the Veterinary Stock Farm in Northern 
Nigeria this parasite appears to have been at least 
partly responsible for a number of deaths among 
yearling cattle. Investigations on the influence of 
climatic conditions on the preparasitic development 
of this parasite were essential before the seasonal 
incidence of the disease could be explained and 
control measures could be adopted. This paper is a 
report of investigations along such lines which were 


The infective larvae were placed in an apparatus 
in which their movements could be studied. This 
apparatus was made from three lengths of glass 
tubing whose internal diameter was lcm. (see 
Fig. 1). Two 20 cm. lengths of tubing, each closed 
at one end by a cork, were joined by rubber tubing 
to the central piece of glass tubing. This central 
piece, 10 cm. long, had a bulb, 3 cm. in diameter, 
at its centre. The larvae, grown in sterile faeces, 


* On leave from the Colonial Veterinary Service, Nigeria. 
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were placed in the bulb by pushing small pieces of 
faeces down the tube with forceps. When the bulb 
was full, its arms were washed free of larvae and a 
strip of blotting paper 1 cm. wide soaked in a thin 
emulsion of sterile faeces in water was placed in 
each arm of the bulb. Some of this emulsion was 
then poured into the two side tubes, with the corks 
inserted. They were rotated until a thin film of 
emulsion was adherent to the glass and the excess 
was poured away. The two tubes were then joined 
to the arms of the bulb. Three physical factors were 
considered: gravity, light and heat. The principle 
of the apparatus was that if the two tubes were 
arranged differently with relation to one of these 
physical factors, the larvae should progress towards 
the more favourable environment and away from 
the less favourable. The apparatus was left for 24 hr. 
and then dismembered, the outer tubes were labelled 
and the approximate number of larvae which they 
contained was estimated. . 

' Gravity. The apparatus was placed in a clamp at 
45° to the horizontal for 24 hr. After 24 hr.: 


Ist test: upper tube, 198 larvae; lower tube, 
627 larvae. 


2nd test: upper tube, 33 larvae; lower tube, 
297 larvae. 


Light. A hole was bored in the cork of an empty 
thermos flask and one tube pushed through the 
hole up to the rubber connexion so that it was 
encased in the flask. The bulb containing the culture 
was covered by black paper and the other tube was 
left in shaded daylight on the bench, supported 
with a large rubber bung. After 24 hr.: 


Light tube, 693 larvae. 
Darkness tube, 165 larvae. 


Heat. Each tube was pushed through the cork of 
a thermos flask. The water in one flask was at 
25° C. and in the other at 37° C. The water in the 
37° C. tube was changed at 12 hr. After 24 hr.: 


ist test: tube at 25° C., 132 larvae; tube at 37° C., 
990 larvae. 


2nd test: tube at 25° C., 429 larvae; tube at 37°C., 
891 larvae. 


Chemotactic migration was investigated by placing 
in one tube a film of serum and in the other a film 
of faeces. After 24 hr., each tube contained about 
30 larvae—very little migration having taken place 
into either. A disadvantage of this method is that 
in any one culture of larvae the migrations become 
less marked at each subsequent test. It would seem 
that the larvae become exhausted after several 
tests. Not enough tests were carried out for con- 


elusive evidence, they were conducted for the pur- 
pose of confirming Schwartz’s observations and the 
results do confirm his statement that the larvae 
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are positively phototropic and thermotropic. No 
evidence of negative geotropism was manifested by 
the larvae, in fact. they tended to descend rather 
than ascend. A criticism may be made, however, 
that condensed moisture may have resulted in drops 
of water running down into the lower tube, carrying 
larvae with them. The strips of blotting-paper, 
placed in the arms of the bulb were meant to prevent 
this but they may have failed to do so. Accordingly 
another method was tried for observing the reaction 
of the larvae to gravity. 

Some faeces containing a very large number of 
the infective hookworm larvae were placed in the 
middle of a large Petri dish in which grass was 
growing. It was left in the laboratory for a few days 
in an average inside light (but without any direct 
sunlight) under a bell-jar and kept moist. The grass 
was cut periodically, washed, and the sediment 
examined. Free-living nematodes were found, but 
no’ hookworm larvae. The hookworm larvae were 
located either in the culture or on the glass 
beneath it. 

Every week for a year grass was collected from 
pastures where cattle infested with B. phlebotomum 
habitually graze, but although the larvae of 
Cooperia, Haemonchus and Oesophagostomum were 
commonly found in the washings from this grass 
no Bunostomum phlebotomum larva was ever seen. 

Although thé writer has noticed that the larvae 
of B. phlebotomum do climb the walls of their 
container, just as Schwartz (1924) and Conradi & 
Barnette (1908) observed it, he is of the opinion 
that such climbing activities as they exhibit in the 
laboratory are manifestations of positive photo- 
tropism. 

It has been shown (Mayhew, 1939; Sprent, 
1946d) that infection of the host takes place by 
penetration of the skin. For the larvae to remain 
in the faeces would seem to be the most convenient 
way for them to gain access to the host, for the 
dung adheres to the hosts’ feet and sides, and 
gradually dries in a manner which is ideal for 
penetration of the skin (see Sprent, 19464), it is not 
therefore to be expected that they should ascend 
the grass. 


(2) Conditions necessary for development in the 
laboratory 


The following investigations were carried out in 
order to discover what physical conditions are 
necessary for development to proceed. 


Air space 


Exp. 1. A small tube was packed with a culture 
(uterine eggs and sterile faeces) and corked. Some 
of the same batch was placed in a Petri dish, the 
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tube was placed in the dish and the. two samples 
were examined daily. 


Petri-dish sample Corked tube sample 


24 hr. 


All blastula stage Blastulae 
48hr.  First-stage larvae Blastulae _ 
72hr. Second-stage larvae Blastulae—vacuolated 


and degenerate 


Exp. 2. Equal numbers of eggs obtained from 
the uterus were suspended in two samples of dis- 
tilled water. Sample A was vigorously shaken for 
5 min. and thus well aerated. Sample B was not 
shaken. They were placed in the two chambers of 
a MacMaster’s slide and sealed up with plasticine. 
The percentage of eggs containing blastulae was 
estimated after 24, 48 and 72 hr. 


A sample B sample 
24 hr. 36% 21% 
48 hr. 43 % 27 %, 
72hr. One hatched larva, No larvae—all cells 
remainder beginning beginning to 
to degenerate, degenerate 


It seems that although early cleavage can occur 
in an oxygen poor medium, development cannot 
proceed further than the blastula stage, the high 
metabolic activity involved in the process of gastru- 
lation being brought to a standstill. The result of 
Exp. 2 suggests that the rate at which cleavage 
occurs varies with the available air. It cannot have 
been long before the air in sample A was used up 
and these eggs also began to degenerate. This may 
be the reason why development is most rapid at the 
surface of a culture and why during passage of the 
eggs down the intestine development only proceeds 
to the 4- or 6-cell stage. 


Consistency of medium 

Schwartz (1924) observed that development can 
proceed up to the infective stage in a liquid culture 
and that the infective larvae under such circum- 
stances retain the cuticular sheath of both first- and 
second-stage larvae. The present writer was unable 
to confirm these findings. He found that eggs placed 
in watery cultures had a very low hatching rate 
and that development will not proceed beyond the 
lethargic first-stage larva. If, however, part of such 
a culture was strained and left in a Petri dish, 
infective larvae duly appeared. Infective larvae, 
on the other hand, lived for 40 days in distilled 
water. 


Temperature 


Exp. 1. Equal numbers of eggs removed from 
the uterus were mixed with sterile faeces to make 
three cultures. Culture A was placed in an ice-box 
at 10°C. Culture B was left at room temperature, 
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ie. 25°C. Culture C was put in an incubator a 
37° C. 

At 24hr.: A, morulated eggs only; B, moving 
embryos inside eggs; C, first-stage larvae. 

At 72hr.: A, morulated eggs only; B, active 
second-stage larvae; C, not examined. 

At 96hr.: A, morulated eggs only; B, second. 
stage larvae; C, infective larvae. 

At 120 hr.: A, morulated eggs only; B, infective 
larvae; C, infective larvae. 

Sample A was then left at room temperature and 
a week later infective larvae were present. 

One can infer from this experiment that: full 
development will not progress at 10° C. or under, 
but will take place at 25 and 37°C., and that at 
37° C. hatching occurs more quickly than at 25° C, 

Exp. 2. Some faeces from a calf with an artificial 
pure hookworm infection was placed in an ice-box 
at 10°C. Periodically a sample of the culture was 
removed and left at room temperature. Although 
no development proceeded in the culture left at 
10° C., infective larvae duly appeared in the samples 
transferred to 25° C. up to 4 weeks after the start 
of the experiment. It seems, therefore, that although 
development wiJl not proceed at 10°C., the eggs 
remain alive for at least a month. 


Moisture 


As already observed by Conradi & Barnette 
(1908) and Schwartz (1924), the egg and the un- 
sheathed larvae of the cattle hookworm are very 
delicate and susceptible to drying. A few moments 
on a slide, when the moisture has evaporated, will 
do them irreparable damage. Schwartz’s observa- 
tions that the infective larvae were not resistant to 
drying on a slide even for a few hours at 70-—80° F, 
were not confirmed. 

Exp. 1. Some infective larvae in distilled water 
were left to dry on five slides in the laboratory 
atmosphere which had a relative humidity of 75, 
the average day temperature was 25° C. On each 
of the following 5 days water was applied to one of 
the slides and the larvae on each one resumed 
vigorous activity. Before the application of water 
the body lies wrinkled within the sheath, ‘which is 
itself smooth and unkinked. The larva within looks 
dead; its cuticle, wrinkled and knotted, reveals 
no trace of the protoplasmic contents within it. 
When water is applied, it begins to penetrate 
through the sheath of the larva replacing the ait 
between the two cuticular coats. In about 2 min, 
the larva gives a jerk whereby it is straightened, 
the head-end fills out, the oesophagus becomes 
visible and the anterior end of the larva approaches 
the anterior end of the sheath. Before wetting, the 
larva occupied only about one-third of the sheath, 
leaving an empty space fore and aft. The larva takes 
up water from its anterior end backwards. Every 
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now and then it gives a jerk and then is still again. 
Finally, the whole sheath is filled but for the long 
pointed tail, and the larva coils and uncoils itself 
and swims away. This took 5 min. after 5 days’ 
drying. 

Zep. 2. On 18 September, two cultures of hook- 
worm eggs were made, in the laboratory, at 75 
relative humidity and 25° C. One was kept moist 
in a Petri dish and the other was allowed to dry in 
a watch-glass. The latter’ culture appeared quite 
dry in a few days. Some of the faeces was moistened 
and examined 14 days’ later, and although it took 
many hours to occur, activity was resumed. Unfor- 
tunately, this culture could not be examined again 
for a further 4 weeks at which time the larvae were 
dead. One can infer from these experiments that 
the infective larvae are resistant to at least 5 days’ 
direct drying on a slide with no faeces around their 
bodies, and that when enclosed in a small volume of 
faeces they can withstand 14 days. 


(3) Development in the field 


Before proceeding with this section it is necessary 
to give a short description of the climate of the 
central Nigerian plateau where these investigations 
were carried out. The rainfall for each month of the 
year is shown in the graph on p. 198. During 
December, January and February there is usually 
no rain at all, the first storms occurring late in 
March. In April and May the rainstorms gradually 
increase in frequency and in August the rainfall 
reaches its maximum. In September, October and 
November the rains become gradually more infre- 
quent, until they cease in mid-November. The 
months between October and April or May are known 
as the dry season, and the months between April 
and October as the rainy season. It is important 
to note that the dry season of 1943—4 was unusually 
prolonged, an interval of 21 days without rain 
occurring in May 1944. 

During the dry season the ground becomes 
extremely hard and the grass withers into straw. 
The only invertebrates which are seen in an active 
state in this season are the arthropods, although 
free-living nematodes, rotifers and tardigrades were 
present in washings from the grass. There are, 
however, certain swamps, called fadamas, which 
remain moist throughout the dry season and in 
these invertebrate life continues all the year round. 
The following investigations were carried out to 
discover what influence such climatic conditions 
have upon the preparasitic development of B. 
phlebotomum in the light of the observations 
recorded in the last section. 


Air space and consistency of medium 
It was considered that in Northern Nigeria 
neither of these factors would have an influence on 
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development in the field, as faeces dropped by 
cattle on extensive pastures would never become 
tightly packed nor would any appreciable amount 
become immersed in water. For penetration of the 
skin of the host by the larvae, however, it would 
be essential that the faeces be moist and soft, so 
that it would adhere to the skin. 


Temperature 


In the hottest part of the year, in the middle of 
the day, the temperature beneath a mass of dung, 
estimated by pushing a thermometer into its 
substance, varied from 25 to 35° C., according to 
the age of the faeces, but even in dry faeces it did 
not reach 37°C. Considering that the larvae can 
thrive and the free-living part of the life history 
can proceed at 37° C. in the incubator, it does not 
seem that high temperature by itself is a limiting 
factor. The influence of low external temperature 
in Nigeria need not be considered. 


Light 

No field experiments were craried out on the 
effect of light, because the pigment in the faeces 
must be effective in preventing even the intense 
brightness of this climate from being injurious 
within a very small distance of the surface of the 
mass of faeces. As soon as a culture is exposed to the 
sunlight, the larvae on the surface of the culture 
disappear within a few seconds into its depths. 


Moisture 

The laboratory findings showed that while the 
eggs and unsheathed larvae had no resistance to 
desiccation, a marked difference in this respect is 
evident in the infective larvae. The following 
experiments were conducted to find out whether 
the infective larvae could resist dry season condi- 
tions. 

In the first two experiments some faeces from a 
calf with a pure hookworm infection was divided 
into two batches, one placed in a Petri dish and 
kept moist in the laboratory and the other placed 
beneath some tall trees. 

Exp. 1. November. Rain ceased gradually, last 
fall 14 days ago.- Dew in morning. 


Lab. culture Outside culture r 


At 5 days, there were eggs con- 
taining bubbles of air. The 
protoplasmic gfanules were 
swollen. No larvae recovered 


Numerous infective 
larvae in five days 


Faeces taken from the outside culture after 4 days 
and left moistened in the laboratory contained 
infective larvae five days later. Faeces taken from 
the outside culture after 6 days and left moistened 
in the laboratory never contained larvae. Thus the 
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eggs can resist external conditions for 4 days but 
not for 6 days in November, but presumably do not 
hatch unless rain occurs within that time. 

Exp. 2. May. No dew. Rain had occurred in 
April, but the previous 21 days had been rainless. 


Lab. culture 
Infective larvae in 5 days 


Outside culture 
No infective larvae de- 


veloped 


Faeces taken from the outside culture after 1 day 
in the open and left moistened in the laboratory 
contained infective larvae five days later. Faeces 
taken from the outside culture after 2, 3 and 4 days 
never contained infective larvae. Thus the eggs are 
resistant for between 1 and 2 days in May. 

Exp.3. February. Last rain: November. Faeces 
containing hookworm eggs were placed in the same 
spot outside and searched daily. Apart from a first- 
stage larva on the 2nd day, no trace of larvae was 
seen during 14 days’ daily examinations. 

Exp. 4. February. Eggs in faeces were allowed 
to develop to first-stage larvae in the laboratory 

‘and then put out in the grass. The faeces were left 
outside for 3 days and then brought in, moistened 
and placed in the laboratory. No infective larvae 
developed. This shows that pre-infective larvae 
cannot resist 3 days without rain. 

Still to be considered are the ‘fadamas’ which 
remain moist throughout the dry season. Accord- 
ingly, a mass of faeces containing eggs of the 
hookworm, from a pure infection, was placed in 
such a fadama during the dry season and afterwards 
examined periodically. Infective larvae were duly 
found. 

From May onwards until October, the picture is 
entirely different; the clouds gather and the onset 
of the heavy rains renders the hard-baked soil soft 
and moist, so that it never dries between the storms, 
even if rain is absent for 4 or 5 days. The dung on 
the grass remains moist, whereas in the dry season 
the soil drew its moisture away in a day or two. 
Conditions are now ideal for the free-living stages. 
A serious difficulty in working with faeces in the 
open in the rainy season is that no sooner does 
faeces fall to the ground than ants begin to enclose 
it in a crust of soil and carry it away. For this 
reason no estimate was made as to how long the 
larvae can remain viable in the pastures during the 
rains. In a moist laboratory culture they will 
remain active for 3 months. 

From these results it seems likely that the pas- 
tures will be entirely free from larvae throughout 
the dry season, except in the permanent swamps 
where pockets of infection may occur. It is difficult 
to test such an inference by the estimation of the 
number of hookworm larvae on the pastures 
throughout the year because the infective larva 
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does not climb grass, but apparently remains in the 
dung which adheres to the cattle. Some information 
is to be gained, however, from observing the inci- 
dence on the pastures of the infective larvae of 
other bovine nematodes. Pasture counts of the 
infective larvae of Cooperia, Haemonchus and Oeso- 
phagostomum were accordingly ‘carried out each 
week for a’year. A plot of ground was chosen 
at the Stock Farm on which only cattle graze, 
and which is therefore constantly having faeces 
dropped upon it. The area was 100 x 50 yards; 
wooden pegs being driven into the ground for per- 
manent demarcation. Each week, at 6.30 a.m., two 
people collected grass in the manner described by 
Taylor (1939) and the number of infective nematode 
larva per lb. of this grass was estimated. The Stock 
Farm contains about 700 head of cattle grazing over 
an area of about 2500 acres; a high density of 
larvae on the pasture would not, therefore, be 
expected. An important point to be taken into 
consideration is that the rain is very heavy in this 
district, heavy enough, it seems to wash larvae off 
the grass, so that an estimation made soon after a 
storm will be very low. This is exemplified in Table 1, 
which gives the results of pasture estimations 
carried out at various intervals after rainstorms. 


Table 1 
No. of hr. since Infective nematode 
last rain larvae per lb. grass 
June 1943 24 hr. 78 
24 ,, 17 
July 1943 A few hr. 17 
” 16 
12 hr. 42 
+ ioe 85 
Aug. 1943 9 hr. 40 
5 oS 12 
oe 12 
} ” 0 


This fact means that, to compare the numbers of 
infective larvae per lb. of grass at different times 
the estimation must always be carried out at the 
same length of time after the last rainstorm. As the 
larval migrations are known to vary according to 
the time of day, a correct estimation becomes very 
difficult. For this reason only estimations at 
6.30 a.m., before which at least 24 hr. had elapsed 
since the last rainstorm, were taken into account. 
The results of the pasture counts are represented in 
the graph in Fig. 2, as monthly averages. They show 
that a marked seasonal variation of pasture in- 
fectivity occurs and that no larvae are to be found 
in the dry season. The larvae concerned were not 
those of Bunostomum phlebotomum, but there is 
good reason to suppose that if dry season conditions 
are unsuitable for the development of the larvae of 
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Haemonchus, Cooperia and Ocesophagost« , they 
were also unsuitable for those of Bunostomum phle- 
botomum, especially in view of the experimental 
results on resistance to desiccation. 


(4) The output of eggs by female hookworms 


In the early rains an attempt was made to esti- 
mate the egg-laying capacity of the female by 
collecting the faeces passed by a calf every 2 hr. for 
a period of 12 hr. and estimating the average number 
of eggs per gram. The total quantity was weighed 
and the total number of eggs contained in the day’s 
output estimated. The calf was then killed and the 
total number of mature female hookworms counted. 
In this way it was estimated that each female lays 
600 eggs in 12 hr., assuming that they all lay at 
equal rates, and that an egg-count of 100 eggs 
per gram of faeces signifies about 50 mature 
females. Conradi & Barnette (1908) made some 
observations on the output of eggs by placing 
females on slides and counting the eggs that passed 
out of the vulva. They found that the female lays 
17 eggs per hr.; at this rate the daily output would 
be 204 eggs per female. 

As the number of eggs laid by the females will be 
an important factor influencing the infectivity of 
the pastures it was decided to discover whether 
the output of eggs per female hookworm varied 
throughout the year. For this purpose advantage 
was taken of the regular slaughter of nomadic 
yearling cattle at the laboratory, both for estimating 
the hookworm burden and the egg-laying rate 
throughout the year. Hookworm egg counts were 
performed on 20 cattle per month throughout the 
year 1943-4, a few days before they were slaugh- 
tered. After slaughter the number of adult female 
hookworms harboured by each animal was counted. 
At the end of each month the total number of eggs 
per unit volume of faeces was divided by the total 
number of female hookworms. The figures obtained 
are shown in the graph in Fig. 2. These figures 
suggest that each female hookworm produces a 
greater concentration of eggs in the faeces in the 
wet season than in the dry season, but before 
assuming that this indicates any fluctuation in 
reproductive activity, certain other factors have to 
be considered. Such results might be due to the 
immaturity of some of the females counted in the 
dry season. This, however, is-improbable because 
no larvae are likely to gain access after the end of 
November, and by February all females will be 
mature, 56 days being the estimated time required 
to reach maturity (Sprent, 1946d). Such imma- 
turity is more likely to occur in the wet season, and 
if so would increase the difference in the figures. 
Another factor which might explain this difference 
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is that of dilution of the eggs by a larger volume of 
faeces. The faeces was sampled by volume rather 
than by weight, so that the specific gravity and dry 
matter of the faeces need not be considered, but the 
total amount of faeces passing through the intestine 
may vary in the two seasons. Thus if, in the dry 
season, the animal passed a greater volume of faeces 
per day than in the wet season, the eggs would be 
more diluted and the low counts explained. Unfor- 
tunately, such data are not available in Nigeria, but 
it would seem unlikely and would certainly not 
account for the egg-counts being six times as high 
in the wet-season months. : 

A diminution in the rate of egg-laying following 
increased hay consumption by calves infested with 
B. phlebotomum has already been observed by 
Mayhew (1940) and seasonal fluctuations of the egg- 
counts in the faeces of ewes infested with Tricho- 
strongylid worms have been described by Taylor 
(1935) who pointed out that such fluctuations could 
not be explained by variations of larval intake, but 
were more likely to be the effect of dietary changes 
and the varying resistance of the host, resulting in 
varying degrees of inhibition of egg-laying. Rogers 
(1939) observed in Western Australia that the egg 
output of the female nematodes of sheep decreased 
as the worm population increased, irrespective of the 
climate. This introduces the factor of overcrowding 
as inhibitory to egg-laying, which may well be in- 
fluential in sheep. It is not, likely to be influential . 
in nomadic Nigerian cattle, however, as their worm 
infestation is of a low degree (Sprent, 19466) and 
their intestines are larger than those of sheep. 

A possible explanation of the variation in the 
rate of egg-laying by B. phlebotomum is that the 
green grass of the rains has a stimulant effect and 
the coarse dry food of the dry season an inhibitory 
effect on the rate of egg-laying. As the output of 
eggs by the females is greatest at the beginning of 
the rains, it is to be expected that pasture infectivity 
will also-be greatest at this time. Pasture counts 
with other nematode larvae are in agreement with 
this inference (see the graph in Fig. 2). 

It-seems, therefore, that the fluctuation in pasture 
infectivity is caused not only by direct inhibitory 
action of the climate on the preparasitic phase of 
the parasite, but also indirectly through a concurrent 
fluctuation in the output of eggs by the female 
hookworms. 





(5) Fluctuations in the hookworm burden of 
nomadic cattle 


As the dry season acts as a barrier in the life- 
history of the hookworm and the wet-season months 
are probably the favourable months for infection, 
the month of December will be the latest time in the 
year at which infection can take place, supposing 
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that the larvae are resistant for a fortnight after the 
rains have ceased. It is therefore to be expected 
that, just as there is a maximal larval intake, there 
will be a maximal adult population at some time 
during the year. This was ascertained by the exami- 
nation of the hookworm burden of twenty animals 
per month throughout the year. The results are 
given in Fig. 2. The figures show that there is 
a marked fluctuation in the hookworm burden 
throughout the year in nomadic cattle. The period 
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hookworm burden curve would have fallen, and 


that the egg-laying rate curve and the pasture . 


infectivity curve would have risen, each curve 
approximating its June 1943 position. 

The fall in hookworm burden which probably 
occurs at the onset of the rains may be caused by 
death of the females after a burst of laying at the 
onset of the rains but more probably is caused by 
the host becoming resistant and expelling its 
parasites. 
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burden for each month of the year. 
(Cooperia, Haemonchus and Oesophagostomium). 
carcase). 
of rainfall per month. 


of maximum burden was in the last 3 months of the 
dry season. This period approximately cointides 
with the period of incidence of ‘hookworm disease’ 
at the Veterinary Stock Farm. It was unfortunate 
that the dry season of 1943-4 was unusually pro- 
longed; whereas in May 1943 there were 9 in. of 
rain, in May 1944 only 2 in. were recorded, 21 days 
being rainless. This may very well account for the 
fact that the three curves in the graph do not show 
cyclic phenomena. If it had been possible to con- 
tinue the investigations until the rains of 1944 had 
started, there is every reason to suppose that the 


C. Monthly output of eggs (eggs per unit volume of faeces per female haokworm). 


A. Average number of infective larvae per | Ib. of grass from pasture 
B. Hookworm burden (monthly average of adult females per 


D. Total inches 


(6) The incidence of disease associated with 
B. phlebotomum 


This disease was observed only in stock-farm 
cattle and not among the nomadic native-owned 
cattle of the district. It has already been described 
by Sprent (1946a). It begins to appear in December 
and lasts throughout the remaining months of the 
dry season. After the onset of the rains no more 
cases occur. In the discussion which is to follow, 
an attempt will be made to explain this seasonal 
incidence in the light of the observations recorded 
in this paper. 
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Ill. DISCUSSION 


From the observations described, certain inferences 
can be drawn and made use of in a considera- 
tion of the factors leading up to infestation of the 
host. 

1. The larvae do not climb grass, but remain in 
the dung which adheres to the skin of cattle. The 
heat of the host’s body probably stimulates the 
larvae to leave the faeces and penetrate the skin. 

2. For such penetration the consistency of the 
dung must be moist enough for adherence. 

3. While close packing of the dung, immersion 
of the dung in water and temperatures of 10° C. 
and below, are all inhibitory factors in the develop- 
ment of the free-living stages, they are not likely 
to be effective in Northern Nigeria. 

4. Lack of moisture is a very potent inhibitory 
factor in development and during the dry season 
no larvae can develop on the pastures except in the 
permanent swamps. 

5. Penetration by the larvae of the host only 
takes place during the rainy season, because (a) the 
dry season climate is unsuitable for development 
of the eggs, (b) very few eggs are laid in the dry 
season and, (c) the consistency of the faeces in the 
dry season is such that adherence to the skin could 
not occur. 

6. The hookworm burden of nomadic cattle, 
sampled at random, is greater in the dry season 
months than it is in the rainy months, the maximum 
being reached in February. 

7. A disease associated with hookworm infesta- 
tion occurs at the Veterinary Stock Farm between 
the months of December and April (Sprent, 1946a). 
The period of incidence roughly coincides with the 
period of maximum infestation among nomadic 
cattle. 

It is now possible to relate the probable course 
of events which culminate in the appearance of 
‘hookworm disease’. At the onset of the rains in 
April, May or June, depending upon the time at 
which rain descends regularly enough both to allow 
the eggs to develop into infective larvae and to 
render the faeces moist enough for adherence to the 
skin, the calves born from the preceding October 
onwards experience their first infections. Whenever 
they lie in dung or stand in muddy places where a 
mixture of dung and mud adheres to their feet they 
will suffer fresh infection. Pasture infectivity, 
which is dependent upon egg-laying rate and hook- 
worm burden, is probably at its maximum in the 
first 2 months of the rains, as at this time the egg- 
laying rate of the females is at a maximum and 
after that time the hookworm burden falls. The 
host thus builds up a gradually increasing burden 
of hookworms in its intestine. In mid-November 
penetration of the skin by the larvae probably 
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becomes impossible and at the same time develop- 
ment of the egg ceases to take place. About 2 months 
after this time, i.e. early in January, the last larvae 
to gain access to the host will have become mature 
and the host at this time has its maximum burden 
of hookworms. All are now mature, sucking the 
host’s blood and damaging its duodenal mucosa, 
preparing for the burst of egg-laying which probably 
occurs at the onset of the rains. 

Such a chain of events probably occurs with both 
nomadic cattle and the cattle in the Stock Farm. 
But whereas the former graze over unlimited pasture 
land and only pick up light infestations, the latter 
have a limited grazing range and consequently pick 
up heavier infestations (see Sprent, 19466). The 
disease occurs at a time when the pastures are in 
extremely poor condition. Reparations cannot thus 
be made of the damage done by the worms and the 
animals rapidly succumb. After the rains have 
commenced, however, two factors probably combine 
to put an end to the condition. First, the green. 
grass which has grown after the storms of March 
and April provides adequate nutriment and the 
surviving cattle are able to repair the blood loss 
and tissue damage caused by the worms. Secondly, 
the mechanism of specific resistance comes into 
play, the animals thus being able to expel the worms 
they harbour. 

Such a cycle of events should render control 
methods extremely simple. As no larvae are likely 
to penetrate the skin of cattle later than December, 
adequate treatment of the cattle in December 
whereby all the hookworms are removed, should 
suffice to keep the animals healthy all the following 
dry season. 

Throughout the following rainy season the new 
batch of calves will gradually pick up their infesta- 
tion, but it seems that the ample nourishment 
provided by the rainy season pastures enables them 
to withstand their infestation. It is probably the 
combination of the full burden of worms and the 
extremely poor pastures which culminate in the 
appearance of symptoms of anaemia in January. 
Therefore, adequate treatment in November should 
be sufficient to control the parasite. For a discus- 
sion of the drugs active against B. phlebotomum, 
see Sprent, 1946c). 





IV. SUMMARY 


Investigations were carried out on the influence of 
the local environment on the preparasitic stages of 
B. phlebotomum and the following observations 
were made. 

1. The infective larvae are positively thermo- 
tropic and positively phototropic. These observa- 
tions confirm those of Schwartz (1924). The larvae 
are not negatively geotropic and do not climb grass, 
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but remain in the dung, gaining access to the host 
by adherence of the dung to the skin. 

2. Lack of air, such as would occur in tightly 
packed faeces; immersion of the faeces in water; 
temperatures below 10° C.; and lack of moisture, 
are all inhibitory to development. Infective larvae 
are resistant to at least 5 days’ direct exposure to 
an atmosphere of relative humidity 75 at a tem- 
perature of 25° C.; in dry faeces they are resistant 
to 14 days’ exposure to the same atmosphere. 

3.-In Northern Nigeria desiccation is the most 
important inhibitory factor in development. The 
extreme dryness of the pastures in the dry season 
prevents development of the larvae and adherence 
of dung to the skin. Penetration of the skin of the 
host probably occurs only in the rainy season, 
maximal penetration probably occurring just after 
the rains are regularly established. 

4. The female lays 600 eggs in 12 hr. in the early 
rains, but the output of eggs by the females varies 
considerably throughout the year. It is greatest in 
the early rains and lowest in the later months of the 
dry season. 

5. The female hookworm burden of nomadic 
cattle fluctuates throughout the year. The maximum 
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burden occurs in the later months of the dry 
season. 

6. Three factors, all probably bound up with a 
single factor, i.e. moisture, seem to influence the 
degree of pasture infectivity. (a) Inhibition of 
larval development; (b) failure of faeces to adhere 
to the skin; (c) fluctuation in the egg-laying rate of 
the female hookworms. The fluctuating pasturé 
infectivity results in a fluctuating hookworm 
burden. 

7. The period of maximum hookworm burden in 
nomadic cattle more or less coincides with the 
period of incidence of a disease in Stock Farm 
cattle, associated with hookworm infestation. 

In the discussion an attempt is made to correlate 
these observations both in accounting for the 
seasonal incidence of ‘hookworm disease’ and in 
suggesting methods of control. 


This paper was written during the tenure of a 
Cooper Centenary Fellowship for which the author 
is indebted to the Council of the Veterinary Educa- 
tional Trust. The writer’s thanks are also due to his 
laboratory assistant in Nigeria, Mr R. A. 0. 
Shonekan. 
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